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PAPERS ON THE CONSERVATION OF
WATER RESOURCES.

INTRODUCTION.

This volume is a reprint of selected papers on the conservation of
water resources, written by members of the United States Geological
Survey in response to executive order, for the report of the. National
Conservation Commission (S. Doc. 676, 60th Cong., 2d sess.). Nearly
all the information from which the papers are compiled had pre-
viously been collected by the Survey in the performance of its regular
duties. The remainder has been taken from the records of other
federal bureaus. The papers, therefore, constitute a simmation of
certain official work which has been in progress for more than twenty
years and whose results eventually must have been published in the
regular series of water-supply papers had they not been diverted to
become a part of the larger work on conservation. The printing of
the conservation report has furnished an opportunity to present these
reprints in convenient form and, as the demand for the larger report
will greatly exceed the edition authorized, this segregation of the
papers relating to water will prove useful.
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DISTRIBUTION OF RAINFALL.

By HENRY GANNETT.

The ultimate source of our water supply is rainfall, the chief
source of which is evaporation from the Pacific Ocean, while sec-
ondary sources are the Gulf of Mexico and the Atlantic Ocean.
Brought from the Pacific by the westerly winds of the north tem-
perate zone, the moisture in the air is carried eastwardly nearly across
the continent in diminishing quantities, varying at different times
of the year. The supply in the atmosphere is reenforced in the
Mississippi Valley from the Gulf of Mexico, whence it is drawn
inland by:southerly and southwesterly winds; and again east of the
Appalachian Mountains it is reenforced from the Atlantic Ocean,
from which it is drawn by easterly winds accompanying cyclonic
disturbances:

The areal distribution of the rainfall is in general terms as fol-
lows: The precipitation is very heavy upon the north Pacific coast,
where at several points in the States of Washington and Oregon it
exceeds 100 inches annually, but diminishes southward so that at
San Diego, Cal., the rainfall is very light and desert conditions
prevail. Inland, back of the Coast Ranges, the northern part of
the great depression separating these mountains from the Cascades
and the Sierra Nevada is well watered. The amount of rainfall
diminishes southward, so that in the southern part of the depres-
sion, which is occupied by the San Joaquin Valley, precipitation
is scanty and arid conditions exist. The high mountains of the
Cascade Range and of the Sierra Nevada are copiously watered, but
east of them, in the valleys and low plateaus and on the great plains
as far east as the one hundredth meridian, the rainfall is very light.
The mountains of this (the Rocky Mountain) region, however, enjoy
a more copious rainfall than the valleys, the amount differing with
the altitude and latitude, the more northerly and higher ranges
receiving the greater amount.

Continuing eastward, the small supply of moisture still remain-
ing from that brought from the Pacific Ocean is augmented by a
generous contribution from the Gulf of Mexico, and the rainfall
increases. Upon much of the Gulf coast it exceeds 60 inches an-
nually, but it diminishes northward, until in the neighborhood of the
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8 CONSERVATION OF WATER RESOURCES.

Great Lakes the precipitation does not exceed 30 inches yearly. The
Appalachian Mountains are abundantly watered, and the Atlantic
plain receives everywhere a sufficiency for agricultural purposes,
derived largely from the Atlantic Ocean.

The causes of these great differences in amounts of precipitation
in the various parts of the country are simply explained. All air
holds a certain amount of moisture, ranging from the amount suffi-
cient to saturate it to a very small proportion of that quantity. The
point of saturation is much higher in warm air than in cold air; i. e.,
warm air can hold a much larger quantity of moisture than can cold
air. Whenever air is cooled below the point of saturation, rain falls,
and it can only fall when thus chilled. There are several ways in
which air currents may be cooled ; the current may be forced upward,
as when it climbs the slope of a mountain range; it may be cooled
by intermingling with colder air currents; and again, by coming in
contact with a cold land.

The sea receives heat slowly and parts with it slowly; the land, on
the contrary, is rapidly heated and parts with its heat as quickly.
It results from these conditions that the ocean has a fairly uniform
temperature the year around, while the land is much colder in winter
than in summer.

Now, let us apply these principles to the United States. The pre-
vailing winds in the Temperate Zone are from the west. These winds
come off the Pacific laden with moisture and having the temperature
of the ocean. If they encounter land having a lower temperature
they are chilled below the point of saturation and some of the mois-
ture is deposited in the form of rain or snow. If, on the other hand,
the land is warmer than the air, the currents pass over it without any
reduction in temperature and with little or no loss of moisture.

During the winter the north Pacific coast is colder than the sea,
and hence the copious precipitation which it enjoys at that season
of the year. In the summer the conditions are reversed, and the air
currents, although containing at least as much moisture as in cold
weather, pass over the land with comparatively little loss from pre-
cipitation. Southward, down the coast, the land is progressively
warmer in winter, and consequently receives less rain, while in south-
ern California there is little rain even in winter, except upon the
mountains. Although the atmosphere at Los Angeles contains more
moisture than does that at Washington, D. C., rain seldom falls in
the former locality, as there is nothing to cool the air currents.

Thus it is that the Pacific coast has well-defined wet and dry sea-
sons corresponding to winter and summer in other parts of the
country.. In winter the country drains the air currents of their mois-
ture and they pass eastward as dry winds, while in summer these
currents carry most of their moisture over the mountains and pre-
cipitate it upon the Rocky Mountains farther to the east and upon






DISTRIBUTION OF RAINFALL. 9

the great plains. Hence, it is that in these two regions the greater
part of the year’s rainfall occurs in the warmer half of the year.

Going eastward into the Mississippi Valley the moist air currents,
drawn northward from the Gulf of Mexico by southerly winds, are
carried progressively into more northerly and colder climates, and
part of their moisture is deposited in a similar manner.

The Weather Bureau has furnished the Commission with data upon
precipitation from about 4,000 stations within the limits of the
United States proper. These data consist of records of the normal
yearly and monthly rainfall, and the study which has been made of
them is very illuminating.

In preparing the rainfall map (PL I), the data from all these
stations were platted upon a large-scale map of the United States,
and in the plains and level country generally isohyetal lines were
sketched at intervals of 10 inches of rainfall in accordance with these
data. In the mountain regions, however, but little weight was given
to the rainfall data, inasmuch as the stations are generally situated
in the canyons rather than on the ridges, and hence do not represent
well the rainfall of the region, but in such country consideration was
given to the relief of the land, its mountains, etc., and to the character
of its vegetation; it is known, for instance, that the lower limit of
yellow pine timber is not far from the isohyetal line of 20 inches.
The areas between these isohyetal lines were measured by planimeter,
and the average rainfall of each such area was assumed to be the mean
of the two isohyetal lines limiting it. The areas were then multiplied
by their average rainfall, the products summed up, and the total
divided by the total area of the country. In this way the figure,
29.4 inches, was obtained as the mean average rainfall of the United

States.

" Another use has been made of these data. The percentage of the an-
nual rainfall which was received during the six warmer months was
computed for each station, and the results platted (Pl. II), thus
showing the preponderance of summer or winter rainfall through-
out the country. Over most of the area the greater part of the
rain occurs in the warmer season, but upon the Pacific coast and
in the Rocky Mountains as far east as western Montana, eastern
Idaho, eastern Utah, and Arizona the bulk of the precipitation comes
in the colder season. The highest proportion, three-fourths to four-
fifths of that of the year,is on or near the Pacific coast, and the propor-
tion diminishes eastward. Again, in an area adjacent to the Gulf of
Mexico, winter rainfall preponderates slightly. The highest propor-
tional summer rainfall is on the plains east of the Rocky Mountains,
where it ranges from three-fourths to four-fifths of that of the year.
In the Mississippi Valley and on the Atlantic plain the proportion
which falls in the warmer season js but little more than half of the
annual precipitation.



FLOODS.

By M. O. LEIGHTON.

INCREASE.

)

A broad and comprehensive review of river-discharge records in
the United States indicates unmistakably that floods are increasing.
It is true that the opposite tendency may be shown on some rivers,
while the records on others may indicate little or no change; but,
taken as a whole, the rivers that reveal more intense flood tendencies
so thoroughly dominate the situation that the conclusion above ex-
pressed must be inevitable.

It will be well to consider at the outset just what index may be
used to determine the trend of flood tendencies. It is common in
inquiries of this character to select and compare the highest stages
attained in the several years of record, and because, perchance, higher
floods may be shown in early years, many really competent persons
have believed themselves forced to the conclusion that there is no
increase in flood tendency. The actual height attained by the maxi-
mum flood each year is, however, a matter of small consequence in
such considerations. A little reflection will show how this must be
true. The precipitation, which is the ultimate cause of floods, takes
three courses, only two of which are really important in the present
discussion, namely, the course along the surface of the ground di-
rectly into watercourses, and that into the ground by percolation,
with subsequent discharge into the rivers by seepage. In general
terms it may be stated that the water which causes floods is that pro-
portion of the precipitation which the earth does not absorb and
which, therefore, must flow along the earth’s surface. Now it is ap-
parent that when precipitation becomes so intense and long continued
that it practically saturates the ground the rain that falls thereafter
must take the direct route and floods must necessarily arise. There-
fore the height of great floods is fixed primarily by the intensity of
precipitation and, as the amount of rain varies from year to year,.
now bountiful and again scanty in what seem to be fairly uniform
cycles of years, the observation of an especially high flood -during
an early year compared with that of a much lower one during a
recent year can give no index to flood tendency in any river. The real
index is of more fundamental origin than the mere occurrence of
high floods.
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FLOODS. 11

When the question “Are floods increasing #” is asked, the consider-
ations involved are not those of height but those of duration and
frequency. In other words, the question means, Are floods of more
frequent occurrence and are there more days of flood than formerly ?

Reverting for the moment to the discussion in the foregoing para-
graphs, it is plain that floods will occur more frequently in response
to a given rate of precipitation, if there are in the drainage area in-
fluences that either inhibit or prevent the ready absorption of the
rain by the ground, than they would if absorption were ideal. Such
ideal condition assures complete absorption of all precipitation. A
rain of a given depth in a unit’s time—say 2 inches in one day—
would surely produce a flood in a drainage area which was nonab-
sorbent. On the other hand, the same amount of rain would not
change the river stage if the conditions enhancing absorption on the
drainage area were ideal. Between these two extremes there are
wide and varying conditions which tend to increase or to diminish
the resultant floods from a given rainfall. In other words, the ques-
tion “Are floods increasing? ” means, essentially, Are the conditions
of the surface of the ground in the river basins so changing that they
render the ground less absorbent? If this be the case, it is clear that
a much larger proportion of the precipitation would run directly off
into the rivers than that which was so conducted at an earlier period.

There are five classes of agencies or conditions affecting the flow
of streams. The first is climate, under which are comprised rain-
fall, evaporation, temperature, wind, and humidity. Although these
are exceedingly variable from day to day and from season to season,
the observations that have been recorded indicate that a period of
years embraces all conditions, so that the mean of them may be con-
sidered fairly constant. There is very little evidence, except in
special areas, that reveals any progressive and permanent change in
climatic conditions. The second agency is topography, and the third
geology, both of which may, for present purposes, be considered ab-
solutely stable. The fourth is surface vegetation, which includes
forest cover and cultivated land. This is subject to progressive
change, according to the demands, conveniences, and usages of so-
ciety. The fifth consists of artificial agencies, such as storage, reser-
voirs, and drainage, which produce rapid and marked effects on river
discharge.

Therefore, the consideration of river discharge and espec:1ally of
floods involves the appraisal of the effects of climate, vegetation,
and artificial agencies. The other two agencies, being constant, may
be left out of consideration. It is necessary to take account of
these conditions in connection with all studies of progressive flood
trend. This emphasizes the futility of many studies that have here-
tofore been made, in which not only have the extreme flood heights



12 CONSERVATION OF WATER RESOURCES.

been the basis of determination, but there has been a total lack of
consideration of climatic conditions, especially that of rainfall. A
river, for example, may show a progressive decrease in flood fre-
quency during a period of years. If that were taken alone it would
indicate a decreasing flood trend; whereas, if the rainfall be com-
pared progressively in the same manner, it might readily be shown
that the flood trend was increasing rather than diminishing, because
the precipitation was decreasing faster than the flood frequency.

The above considerations have been kept in mind in the study of
flood frequency here presented. The accompanying diagrams (pp.
13 to 20) are the result of appropriate studies made of flood oc-
currence on rivers on which gages have been maintained for a long
period, the longest, in fact, of which there are available and useful
records in this country. Examination shows conclusively the in-
creasing trend of flood occurrence and the cause thereof comes now
properly into question.

As already stated, the rainfall, which is by far the most important
of the climatic conditions, has been accounted for in these diagrams,
and we have, therefore, remaining only the condition of the ground
surfaces in the drainage areas and artificial agencies. For each of
these rivers artificial agencies may be eliminated. Our general
knowledge of conditions on the drainage areas gives assurance that
there has been no reservoir installation of extent sufficient to modify
in the slightest degree the normal conditions of flood discharge.
This is also true with respect to artificial drainage.

Therefore we come down to the condition of the land surface, or,
as above expressed, conditions of vegetation. We are aware that on
all of these drainage areas there has been progressive cutting of tim-
ber and building of roads. The latter improvements, however, have
not been of sufficient extent to modify in any appreciable degree the
discharge. A computation of the actual road areas, including the
paved streets, etc., will show conclusively that, in comparison with
the total area under consideration, they are insignificant. The con-
ditions of cultivated fields undoubtedly have a marked influence in
modifying the rate of river discharge, and it is certain that some of
the effects in these areas are due to this cause. The cultivation of
fields has, however, improved markedly in recent years. The farmer
has learned to a considerable degree that it is more profitable for
him to cultivate his inclined fields by contour or terrace cultivation,
and a cursory view of the areas represented in the accompanying dia-
grams will show that to a very large extent improved methods of
cultivation have been put into effect.

Altogether, when the physical conditions on the drainage areas are
summed up, the one great change that has been produced in the
vegetative conditions is the reduction of forest area. On some of these
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FLOODS.

FLOODS ON OHIO RIVER AT WHEELING, W. VA,
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CONSERVATION OF WATER RESOURCES.

FLOODS ON ALLEGHENY RIVER AT FREEPORT, PA. 1874-1907.
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1886-1907.

FLOODS ON MONONGAHELA RIVER AT LOCK NO. 4, PA.
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FLOODS ON SAVANNAH RIVER AT AUGUSTA, GA.
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FLOODS ON ALABAMA RIVER AT SELMA, ALA. 1892-1907.
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FLOODS ON CONNECTICUT RIVER AT HOLYOKE, MASS. 1874-1907.
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drainage areas it has occurred by slow progression and on others
more rapidly. It is certain that in some areas this forest cutting
has caused barren conditions, because the land was of such a char-
acter that, after it was relieved of forest protection, it eroded easily
and its productive portions were quickly swept into watercourses.

Summarily, therefore, it may be stated with confidence that the
increase in flood tendency shown so unmistakably is due in by ‘far
the largest measure to the denudation of forest areas.

Diagrams on pages 18 to 16 are expressions of progressive changes
in flood occurrence during the series of years indicated thereon.
They are all drafted on a uniform basis, the first expression in each
case being a record of the annual precipitation in inches; the second
gives the number of days in each year that the gage at the point
designated registered above a certain stage; the third is a combina-
tion of the first two and gives the relation of the number of days of
flood to the precipitation. Thus, there is given in one expression the
actual trend of flood occurrence in terms of precipitation. This form
of expression eliminates one variable in the conditions governing
flood occurrence, and the only remaining ones to be considered are
vegetation and artificial agencies, as discussed in previous paragraphs.

The second series of diagrams on each sheet gives the same relations
except that the amounts are united into progressive decades, or in
one case into progressive five-year periods. This form of expression
serves. to neutralize the variability that occurs in the successive years
and gives to the whole diagram a progressive trend which is more
comprehensive and more easily interpreted than the statement of
actual amounts. Thus, in the diagram on page 13, the first progres-
sive period covers the interval from 1885 to 1894, the second that
from 1886 to 1895, and so on, each period representing ten years,
and the total amount of rainfall and the total number of days of flood
for each decade are expressed, rather than the average amount of these
quantities.

-In interpreting diagrams of this kind it should be emphasized that
the amounts actually shown are not significant, save as they indicate:
the relative trend of the successive decades. In other words, the
diagrams indicate direction, and should be so interpreted.

The data given on the above-mentioned sheets relate to the upper
Ohio drainage area, and they show the relation of flood occurrence
on the three principal tributaries thereof—the Allegheny, Youghio-
gheny, and Monongahela rivers—to flood occurrence on the Ohio at
Wheeling. Tt will be seen that in each case there has been a marked
increase in the number of days of floods, and the four diagrams can
be consistently compared. At Wheeling during the period 1885 to,
1907, inclusive, the ratio of flood occurrence to annual precipitation
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increased from 0.38 in the first half of the period to 0.48 in the second -
half, and this relation is shown more distinctly in the similar expres-
sion with the amounts given in totals for progressive decades. The
gage records on the Allegheny at Freeport, Pa., show an increase in
this ratio from 0.86 in the first half to 1.04 in the second half of the
period 1874 to 1907, inclusive. The Monongahela record shows an
increase of ratio during the period 1886 to 1907, inclusive, from 0.49
in the first half to 0.55 in the second half, while a still greater diver-
gence is noted on the Youghiogheny, the ratio for the period 1875
to 1906, inclusive, increasing from 0.35 in the first half to 0.47 in the
second half.

Altogether, these diagrams are extremely significant in showing the
progressive increase in flood occurrence on a drainage area the de-
forestation of which has been constant and rapid for the past thirty
years. It began first on the Allegheny and the results are apparent
in the diagrams. Subsequently, timber cutting began on the Monon-
gahela and Youghiogheny areas and is occurring at the present time.

Similar results are shown on pages 17 to 19, which give the same
data for Wateree River above Camden, S. C., the Savannah above
Augusta, Ga., and the Alabama above Selma, Ala.

Page 20 illustrates a record of flood duration on Connecticut River
at Holyoke, Mass. This river basin has been subject to continuous
deforestation for a long period. Recent testimony shows that for the
last twenty years from 50,000,000 to 80,000,000 feet B. M. of timber
have been released over the dam at Turners Falls annually. Records
of private logging are not available, but it is known that the de-
forestation of the drainage area commenced some time previous to
this period.

There is one point of objection that may reasonably be taken to the
diagrams above discussed. It is that they draw comparison between
annual precipitation and the number of days of flood. A better com-
parison would be one between the number and depth of flood-produc-
ing rains and the number of flood days. Such a comparison has been

‘made on the Tennessee basin above Chattanooga. No other basins
are here dealt with in this way because of the enormous amount of
labor involved.

In addition to proving beyond controversy the increase in floods

- due to deforestation, the record is of interest because it shows how
futile and misleading is the attempt to derive conclusions from
flood records without taking into account records of precipitation.
Inspection of the Chattanooga flood record shows a decided decrease
in the number and duration of floods during the period of record.
If this were taken alone, it would controvert the forest-control idea.
A comparison of the precipitation records on the drainage area,
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however, assures us that the rainfall has decreased, even to a greater
relative extent than the floods. The final result is that the flood
tendencies have increased. :

The results for the Tennessee basin cover 24 years, from 1884 to
1907, inclusive. Although the records of gage height extend fur-
ther back than the earlier date, the number of rainfall stations
maintained on the basin previous thereto is not sufficient to render
safe any conclusions with reference to precipitation. It is appre-
ciated that a given depth of rainfall precipitated during the winter
months will generally produce a greater run-off than the same depth
would produce in August or September. Therefore an effort has
been made to eliminate this source of error. Summing up the flood-
producing rains for the 24-year period it is found that the total is
335, of which 313 occurred from December to May, inclusive, and the
remaining 22 during the other portion of the year. It is apparent
that the number of such rains from June to November is not sufficient
to afford a basis of comparison. Therefore only the December to May
floods will be considered. In making this comparison the ideal con-
dition would be to compare the rainfalls and floods during identical
conditions of climate, but such a refinement is impossible. On the
other hand, the multiplication of data afforded by the large number
of flood-producing storms in the December to May periods warrants
the conclusion that the varying climatic conditions in this period are
compensated, and the final conclusions drawn from the result must
be worthy of confidence. On dividing the period covered by these 313
floods equally, two consecutive 12-year periods are afforded, which
give a basis of comparison. The floods in the later period, resulting
from a given depth of storm precipitation, are clearly shown to be
more severe than in the earlier period. The method of presentation
further makes it possible to compute the increase in flood tendency
due to deforestation in the Tennessee.

The velation between storms and floods in the Tennessee basin during the
periods December-May, inclusive, 1884-1895 and 1896-1907.

Storms in inches precipitated.
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The relation between storms and floods in the Tennessee basin during the
periods December-May, inclusive, 18841895 and 1896-1907—Continued.

Storms in inches precipitated.
4t04.5. 4.5t0 5. 5to 5.5. 6 to 6.5. 7t07.5. 8 to 8.5.
Period. K K I N
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1884-1895.. ... .coeiaan.n. 1 6 2 17 2 18 [eeeiifennnn- 2 28 [oeeifoennns
1896-1907. ... .. ... ...... 1 8 3 20 foeiniifoanan 1 ) & N S 1 17

If we now divide the number of flood days by the number of
storms, the result will be the number of days per storm. Applying

this to each of the series in the above table, the following result is
reached :
Days of flood per storm.

Storms in inches precipitated.
Period.

1tol.5. | 1.5t02. | 2t02.5. | 2.5t03. | 3t03.5. | 3.5t04. | 4to4.5. | 4.6t0 5.

1884-1895............. 0.7 0.5 2.
1896-1907............. .4 .9 2.

~go

2.6 5 6 8.1
3.2 6 8 6.7

22 20 . 33\ —17

1.
2.

o o

Percentage increase. . —43 80

g

The algebraic sum of the above percentages is 149.00 and the aver-

age is 18.75, which sums up the effect of deforestation on run-off
from 1884 to 1907, inclusive. .

FLOOD DAMAGES.

A complete census of flood damages for any year or series of
years has never been attempted. Therefore, it will be impossible to
present any figures for which precision may be claimed. The dam-
ages for particular floods in certain areas have from time to time
and for one or another purpose been assembled and, in a few places,
examinations have been made with great care by commissions and
boards especially qualified for such work. The results of such ex-
aminations may be taken to form a basis for an estimate; but, for
the present purpose, a better basis has been made available. During
the present year the Geological Survey has made inquiry of all the
railroads in the United States concerning flood losses during the
period January 1, 1900, to August, 1908. The railroads were selected
for this purpose because it is well known that they are, by reason of
their location and extent, subject to far greater physical damage than
any other single interest, and it was believed that from the figures
so procured a fairly representative basis of estimate might be obtained.
From previous-studies of this matter it appeared that the railroad
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losses resulting from floods amount to about 10 per cent of the total
physical loss arising therefrom, excluding, of course, the largest single
item of loss, which is the depreciation of realty values arising from
flood menace. The figures here presented will therefore exclude all
consideration of this kind of loss.

The proportion of 10 per cent was arrived at from three points of
view:

First, It has been the observation of the writer that, as a rule, the
reported losses to railroads from floods have amounted to about this
proportion.

Second. The actual investigations of flood losses, made by ap-
praisal boards, and individual property returns covering fairly wide
areas have approximated this proportion. Undoubtedly the most
complete and comprehensive investigation of this kind was carried
on by the northern New Jersey flood commission in 1903, after the
great flood that arose in October of that year along Passaic River.
The region comprehended in this investigation may be considered a
typical one. It comprised the usual proportion of farm lands, city
areas, highway bridges, railroad property, etc., and the proportion
of railroad loss there was almost exactly 10 per cent of the total.

Third. One-tenth of the wealth of the United States consists of
railroad property. This proportion was therefore used in the follow-
ing estimates.

During each of the periods above named the returns from the rail-
roads involved a varying percentage of the total mileage of the
country. The mileage involved in each yearly estimate has been
expressed as a percentage of the total mileage for that year, as given
in the reports of the Interstate Commerce Commission. The several
amounts were increased from the percentage that they represented
to 100 per cent, to cover the entire mileage of the country. Inspection
of the returns showed that this was a fair and reasonable method,
because the reports were well distributed and represented a true pro-
portion of that which might be expected to be the damage on the
total mileage. This figure was then considered as 10 per cent of the
total damage for the whole country and increased accordingly. The
results are given in the following table:

Percentage
Damage of total Total rail- Estimated

Year reported. | mileage re- [ road damage.| total damage.
ported.
$666,253 14.6 | $4,567,500 |  $45,675,000
958, 740 211] 454380 ' 438,
1,225, 468 22.2| 552,100 55,201,000
2,654,192 27.3 9,722,000 97,220,000
2,476,724 33| 7884100 |  78)841,000
3,286, 324 33.3 9,858,972 98, 589, 720
2,727,511 37.3| 7312400 | 73,124,000
: T 463106 30.1| 11823800 | 118,238,000
B S 6,517,577 27.4 23,786,000 | 237,860,000
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STORAGE OF FLOOD WATERS.

In the northeastern portion of the country there has been a large
installation of reservoirs and a consequent saving of enormous
amounts of flood water. The numerous lakes in that part of the
United States, irrespective of those that have been developed arti-
ficially, have a beneficial effect. Tt is probable that 10 per cent of
the flood waters that originate in New York and New England are
- saved by storage in artificial reservoirs, lakes, and ponds. In Minne-
sota, at the head of upper Mississippi River, practically the entire
flood drainage from an extensive area is conserved. In the arid
West there has been an extensive installation of reservoirs, some of
which conserve practically all the flood waters on their respective
basins. Considering the country as a whole, however, it is doubtful
if more than 1 per cent of the flood water is saved.

The storage of floods is effected by forests and similar surface vege-
tation and by artificial reservoirs. The amount stored by forests is
and probably will for a long time to come be indeterminate, since
the forest is merely an agent in assisting the ground to absorb the
water. The storage is therefore essentially ground storage and the
ability of the forest to enhance this is dependent absolutely on the
character of the soil beneath the forest. Therefore, to fully answer
the question, “ To what extent could flood waters be stored by for-
ests?” it would be necessary to consider minutely the absorption
properties of the various kinds of land surface in the United States.
It will be possible at some future time to give an approximate and
exceedingly useful reply to this question; but before that time
arrives we must have more long-term gage records on our rivers.
The diagrams presented with this paper (pp. 13 to 20) constitute
as useful records as there are extant in the country, and a short
consideration of them will plainly reveal the fact that, while they
are exceedingly useful in indicating the trend of flood duration and
frequency, they do not yet yield sufficient information to give even
the widest approximation of the amount of water or the proportion
of run-oftf that can be conserved.

The question is therefore one for the future, and our stream inves-
tigations should be carried on with this as one of the purposes in
view. '

The extent to which flood waters could be stored by reservoirs
depends on the available reservoir capacity in the several river
basins. As a rule, the more diversified the character of these basins,
especially in contour, the greater facilities they afford for reservoir
storage.

There is a great portion of the Mississippi Valley in which floods
are not subject to correction under the reservoir plan. This is also
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true of certain coastal-plain streams like the Brazos and Colorado.
It is probable that the streams draining one-third of the area of the
United States must forever be subject to floods, and the only treat-
ment that now appears feasible for these streams is the construction of
levee systems. For the remaining two-thirds of the United States,
investigations so far made indicate that from 55 to 60 per cent of the
flood waters can be saved by the utilization of maximum storage
capacity. Although the cost of such construction would be enormous
in the aggregate, it is apparent that the saving that would accrue
from relief from flood damages alone would soon return the entire
investment. A glance at the estimated flood damages in the United
States, page 25, shows the possibilities. In this connection it should
be stated that in by far the larger proportion of the basins a saving
of 55 to 60 per cent of the flood waters would insure practically
entire relief from flood damages. It is not necessary to prevent floods
absolutely ; or, in other words, it is not necessary to secure uniformity
of flow in any river in order to secure relief from flood damages.
The construction of the reservoirs necessary to prevent floods would,
under proper management, involve an increase in the water-power
possibilities of the United States equal to about 60,000,000 horse-
power. In the arid West the construction of reservoirs for flood
prevention would provide water sufficient for the reclamation of
many million.acres of now worthless land. All of this, together with
the assistance that such reservoirs would lend to navigation, consti-
tutes the saving that would accrue from their construction. We are
unable at the present time even to approximate the total figure, and
therefore it must be summed up in the term “ vast.”



DEVELOPED WATER POWERS,

Compiled by the Bureau of the Census, under the direction of W. M. STEUART,
Chief Statistician for Manufactures.

Discussion by M. O. LEIGHTON.

SOURCES OF DATA.

A special census of the developed water powers of the United
States has been made by the Bureau of the Census for the specific
purposes of the conservation report. Previous inquiries of the same
‘kind, made by this bureau, afforded a record of the names and loca-
tions of practically all the water-power developments that had taken
place up to the dates thereof, and this record was used as the basis for
the new census. Information concerning the developments that have
been made since the date of the last census was procured through the
Geological Survey, Forest Service, Burean of Corporations, Post-
Office Department, and many other agencies, both state and national.
Special inquiry, blanks were sent to all, including those that had fig-
ured in past censuses.

In making the new census it was necessary to procure the data in
large measure by mail, and therefore it was necessary to simplify
the inquiry and to secure only the facts absolutely necessary to a com-
prehensive summary of the developed water powers. The inquiry
blank used for this purpose is reproduced below:

[Return this card to the Department of Commerce and Labor, Bureau of the Census,
‘Washington, D. C.]
"Water Powsm, 1908.

This office is engaged in the preparation of a report on the developed and
undeveloped water power of the United States. If you use water power, please
answer the following inquiries. If you do not use water power, please so state,
and give the names and addresses of any power plants in your neighborhood.
The card should be returned in the inclosed official envelope.

Name
Post-office _____ U State_.___________________
Location of plant: County_________________________ State.___________________
Name of river or stream on which plant is located—- . ___________________
Number of water wheels_______________ Maximum horsepower_______________
Horsepower actually developed during low-water season____»_________________

Additional power that may be developed at same point on the same river or
- stream, horsepower _________________
Auxiliary steam power used in same plant, horsepower, —____________

Character of industry- - ____ __
(Give name of principal product.)

Give names and addresses of other power plants in your neighborhood - ._____
28
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The character of the returns and the proportion of replies received
indicate that the census is fairly complete. It is known that a greater
number of the plants not accounted for in this census are of small
capacity There is, of course, some deficiency in the total; but
it is believed that this is compensated by the general tendency among
Water-pow er owners to return statements based on actual wheel capac-
ity installed rather than actual minimum power developed during
the extreme low-water season. In all wheel installation it is the prac-
tice to develop above the minimum flow, and it follows that in the
majority of power plants there must be a tendency to overstate the
power actually developed during the lowest water. The final figures
represent what is believed by those most conversant with the situation
to be a reasonably accurate summary of the water power now- devel-
oped in the country.

The material procured from the census has been arranged bydrain-
age areas and combined into grand divisions, according to the plan
followed in the report on undeveloped water power.

DEVELOPED POWERS.

Accompanying Table No. 1 gives a general summary of the horse-
power developed in the United States and the number of wheels used
for such development. It will be noted that this table gives results
according to States as well as according to grand divisions.

Some interesting facts are shown. The total development in the
country is 5,356,680 horsepower over 52,827 wheels, or an average
development per wheel of about 100 horsepower. In the Northern
Atlantic division there has been a greater water-power development
than in any other, the total installation being 1,746,303 horsepower.
The only other division that approaches the Northern Atlantic in
development is that covering the drainage area of the St. Lawrence,
including the Great Lakes, where there has been a development of
1,018,283 horsepower. The great power development in the Northern
Atlantic division may largely be explained by the fact that the use
of water power therein began at an earlier period than in any other
divison. New England and the Middle Atlantic States are and have
been essentially manufacturing in character, and water-power devel-
opment has followed as a matter of course. It is also true that the
presence of good powers in large numbers in this region has encour-
aged such development.

Comparisons of wheel capacities installed in various parts of the
country are interesting. While the total figures show that the aver-
age power per wheel is 100 horsepower, the units in the various dis-
tricts vary as follows:
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Unit Unitt

P capacity i capacity
Division. horsepower Division. horsepower

per wheel. per wheel.
Northern Atlantic..................... 80 {| St. Lawrence..............o.coooon.n 14
Southern Atlantic........... . 77 {| Colorado River...... 26
Eastern Gulf of Mexico...... et 42 || Southern Pacific. ... 51
Western Gulf of Mexico.. .. 47 || Northern Pacific. 29,
Eastern Mississippi................... 60 || Interior drainage 32

Western Mississippi................... 139 || Arctic Ocean....... ... ......_....... 12

The large number and small unit capacity of wheels in the easter
part of the country compared with the smaller number and large
capacity in the western portions, including, especially, the riverg
draining from the Rocky Mountains and the Sierras, may be ex-
plained : First, by the fact that in the eastern and central portions of
the country the power privileges are of smaller capacity; and second,
by the fact that in the eastern portions of the country a large number
of the powers were installed at an early date, when it was the rule
to establish small units. More recent practice has involved the estab-
lishment of larger units, and as the western installations are all recent,
this practice, taken together with the existence of larger power
privileges, gives the result that might be expected from a general
survey of the situation.

Table 1 shows that New York State has the largest water-power
development, the total being 885,862 horsepower. It is proper to add
that the Niagara powers on the New York side assist largely in mak-
ing up this figure. The second State in water-power development is
California, the total being 466,774 horsepower, over 1,070 wheels, or a
unit installation of about 436 horsepower. Water-power development
in California is comparatively recent. The third State is Maine, with
343,096 horsepower, over 2,797 wheels, or an average of 123 horse-
power per wheel. As the use of water power in this State is com-
paratively ancient, the contrast in unit capacity between it and
California is significant.

Among the other interesting points is the fact that, although, as
shown by the report on undeveloped water power, the Northern Pa-
cific division can be made to furnish about one-third of the total
minimum horsepower of the country, there is at the present time a
development of only 450,000 horsepower, which indicates clearly that
the most fertile field for power development remaining in the United
States is this northwestern country.

Table 2 gives the installations by districts and drainage areas,
special comment concerning which is unnecessary.

Census returns show that, out of a total of 31,537 powers reported
602 are of capacity of 1,000 horsepower or more. Recent progress
in water-power development has been marked by great installations.

-
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In former years the aggregate water power utilized in the country
was made up largely of small units, which, while useful for local
purposes and worthy of development, are not relatively important in
the great question of power economics. The following summary gives
the distribution of the powers of 1,000 horsepower and greater ca-
pacity, and it shows clearly that what was formerly believed to be an
uncemmonly great installation must now be considered a compara-
tively small feature.

Capacity distribution of powers of 1,000 horsepower and more.

1,000 to 5,000 __ 459
5,000 to 10,000______________ o 63
10,000 to 15,000 . 27
15,000 to 20,000 __ ___ 13
20,000 to 25,000 . . ____ . ___ e 17
25,000 to 40,000 11
40,000 to 60,000____ . 4
60,000 to 100,000 3
100,000 and over_______ K

Total 602

Number of water powers by States and Territories, 1908.

United States __________ 31,537 | Missouri _____________________ 277
—=—— | Montana _____________________ 94

Alabama - _________ . ________ 1,382 | Nebraska ____________________ 157
Alaska .. ____________________ 31| Nevada ._____________________ 32
Arizona ___________ __________ 29 | New Hampshire _ ___________ 876
Arkansas _____ . ___________ 203 | New Jersey .. _._.________ 560
California ___________________ 559 | New Mexico..__________.______ 48
Colorado .. ______________ 230 | New York - __________________ 3, 148
Connecticut _______ __________ 893 | North Carolina______________ _ 2,614
Delaware .___________________ 119 | North Dakota________________ 9
District of Columbia__________ 1|0Ohio 480
Florida - _____________________ 166 | Oklahoma _________ __________ 25
Georgia - _____________________ 1,596 | Oregon _______ .. . ____ __ 345
Idaho - __________ __________ 199 | Penngylvania _____ S 3,721
IMinois . ___________________ 155 | Rhode Island _____ . ________ 191
Indiana __.____________________ 222 | South Carolina__________ S 846
Towa - ____ o __ 207 | South Dakota_.____ ___ _______ 45
Kansas - _________________.___ 118 | Tennessee - ________________._.__ 1,793
Kentueky .- ________________ 691 | Texas - _________________ 147
Louisiana ____________________ 64| Utabh . ____________ . __ 200
Maine - ____________________ 1,222 Vermont .____________________ 1,148
Maryland - _________________ 496 | Virginia _____________________ 2, 243
Massachusetts ________________ 1,370 | Washington__________________ 322
Michigan - __________________ 657 | West Virginia________________ 525
Minnesota - _____ SN 195 | Wisconsin__ . ______________ 580
Mississippl - - cce o 273 | Wyoming . ___________ 33
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UNDEVELOPED WATER POWERS.

By M. O. LEIGHTON.

The surveys and examinations necessary to a thorough and accu-
rate report of the water-power resources of the United States have
never been completed. In certain parts of the country the facts are
sufficiently well known to make it possible to present a tolerably
accurate statement. In other parts the information is fragmentary,
and therefore power estimates must be considered approximate.
Taken as a whole, however, the schedule here appended will be suffi-
cient for the purposes for which it was prepared.

In order to present the information in a systematic way, the drain-
age areas of the United States have been united into groups accord-
ing to geographic distribution. These group boundaries have been
arbitrarily determined according to what seems to be the most con-
venient arrangement for the purposes of this report. The grouping
1s as follows: Atlantic Ocean, Pacific Ocean, Arctic Ocean, and in-
terior drainage. TRese groups have been subdivided into 12 principal
divisions, as follows: I. Northern K Atlantic; TI. Southern Atlantic;
ITI. Eastern Gulf of Mexico; IV. Western Gulf of Mexico; V.
Mississippi River (tributaries from the east) ; VI. Mississippi River
(tributaries from the west); VII. St. Lawrence; VIIL Colorado
River; IX. Southern Pacific; X. Northern Pacific; XI. Great
Basin; XTI. Hudson Bay.

SOURCES OF DATA.

The data used in this report have been obtained from the following
sources : ‘

The records of flow are mainly from the reports and files of the
water-resources branch of the TUnited States Geological Survey.
As the period over which these records extend varies in length, a
seven-year period, extending from 1900 to 1906, inclusive, was taken
as a basis and all values of flow are the mean for these years.

The profiles and elevations have been obtained as follows:

(@) River surveys made by the United States Geological Survey,
U. S. Army Engineer Corps, and others.

(&) Elevations as given by railroad and other levels.
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(¢) Dictionary of Altitudes, Bulletin No. 274, United States
Geological Survey. ’

(d) United States Geological Survey topographic maps.

(e) Miscellaneous maps and reports of various State and other
organizations.

In the use of maps the following preferences have been given:
(1) United States Geological Survey topographic sheets; (2) special
detailed surveys; (3) General Land Office maps; (4) United States
post-route maps; (5) Rand & McNally Atlas sheets.

WATER POWER.

The schedule presented in this report gives the amount of avail-
able water power according to three classifications—(1) that which
may be produced by the minimum flow; (2) the assumed maxi-
mum development; and (8) the additional power that may be
recovered by developing the available storage capacity in the upland
basins and using stored water to compensate the low-water periods.
The data as a whole have been considered without reference to
present practicability of development or present market. For the
purposes of this report it has been assumed that all the power in
the United States will some day be required. Such an interpretation
is the logical one when natural resources are being considered. In
other words, the schedule here presented must be interpreted for the
future rather than for the present. The reader should not assume
that all the power here shown is economically available to-day.
Much of it, indeed, would be too costly in development to render
it of commercial importance under the present conditions of market
and the price of fuel power. The schedule shows therefore what
will be the maximum possibilities in the day when our fuel shall have
become so exhausted that the price thereof for production of power
is prohibitive, and the people of the country shall be driven to the
use of all the water power that can reasonably be produced by the
streams.

Consideration has been given to all the conditions that determine
the possibilities of power production on the various rivers of the
country. Especially has the slope of the stream channels been scru-
tinized. Theoretically, of course, the energy developed by the vari-
ous rivers is that produced by the total fall of the water from
source to mouth, but it has not been assumed that, even under ideal
conditions of market, all this power will ever be commercially
" available. The flatter portions of the river channels can never be
profitably developed for power and they have not been included in
the schedule. The rivers have been divided into sections of varying
length, determined by channel slope, and the fall and flow of each
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section have been obtained from the best available source of in-
formation. The records of stream flow collected by the water-
resources branch of the Geological Survey have almost uniformly
been the only available resort, although acknowledgments should be
made to the state water-supply commissions of New York and Penn-
sylvania; the state engineers of New York, Colorado, California,
Oregon, and Nebraska; the territorial engineer of New Mexico;
the state geological surveys of Maine, New Jersey, North Carolina,
Virginia, Georgia, and Wisconsin; and various other bodies and
individuals, public and private, who in the past have maintained
measurements in cooperation with the United States Geological
Survey or independently. Use has also been made of certain river
gage records of the United States Weather Bureau and of the Corps
of Engineers, U. S. Army.

~ In determining the flow for the various sections the data of flow
per square mile, procured from the sources above enumerated, have
been applied. The drainage areas above the upper and the lower
limits of each section have been determined and a mean taken for the
whole section. This has been used as a factor along with the flow per
square mile in determining the minimum flow for that section. This
figure, together with 90 per cent of the total fall from head to foot,
has been used to determine theoretical horsepowers, according to the
usual formulas. It is obvious that in practice the entire fall along
any stretch of river or at any power privilege can not be effectively
utilized. In few places can even 90 per cent be utilized at the pres-
ent time; but, inasmuch as these figures are supposed to cover future
as well as present practice, and inasmuch as it may reasonably be
assumed that future practice in water-power installation will im-
prove, it is believed that 90 per cent of the fall along any particular
power privilege or section may eventually be realized.

The results of calculations of theoretical power on 90 per cent
total fall have been reduced 10 per cent to allow for inefficiency of
wheels. It is recognized that 90 per cent efficiency is too high to be
used in calculations of power at the present time, 75 or 80 per cent
being the usual installation maximum. Here again, however, we are
computing for future conditions, as well as present ones, and it may
confidently be expected that, with the improvement of turbines, a
greater percentage of the theoretical power will be realized on the
shaft and improvements will before long render possible a 90 per cent
efficiency.

In determining the minimum horsepower, the minimum flow for
the lowest two consecutive seven-day periods in each year was de-
termined and the mean of these values for the period of record was
taken as the minimum flow. It is obvious that this is somewhat
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higher than the absolute minimum, but the latter is usually of so short
duration that it does not equal the practicable minimum that may
profitably be installed.

The assumed maximum economical development has been deter-
mined on the assumption that it is good commercial practice to
develop wheel installation up to that amount the continuance of

-which can be assured during six months of the year, on the assump-
tion that the deficiency in power during the remainder of the year
can be profitably provided by the installation of fuel power plants
as auxiliaries. In many parts of the country it has been shown con-
clusively that it is economical to develop up to that amount which
can be had continuously during the highest four months of the year,
and, while it is probable that there are parts of the country where
the limit should be the highest eight or ten months, it is believed that
the period used in these schedules is a very conservative average. The
minimum weekly flow for each month of the year has been arranged
according to magnitude, and the sixth value has been taken as
the basis for estimating the power, the mean of these values for the
record period in each case being that used in the computations.

An endeavor has been made to determine the maximum power that
might be produced if the practicable maximum storage available on
the drainage areas were established. Surveys on many of the basins
make possible a fairly close statement; but, inasmuch as fully three-
fourths of the country has not been surveyed in a manner suitable for
this purpose, only rough estimates can be given for the entire area.
There are two methods by which an approximate estimate of total
power can be made.

The first is to consider the power on those drainage areas for which
suitable surveys are available and to increase the amount by the equiv-
alent of the proportion left unsurveyed. An examination of the facts
will show that the amount obtained by this method will be too low.
It is apparent from a review of the index map showing the areas cov-
ered by such surveys that a fairly large proportion, probably one-
third, comprises country in which good reservoir sites are either lack-
ing or are uncommon in occurrence. Such portions include large
parts of the Dakotas, Nebraska, Kansas, Oklahoma, Texas, and
Louisiana, together with great areas on the Atlantic and Pacific
coastal plains. Therefore to increase the total available water power
from storage that may be computed on surveyed portions by the ratio
of total surveyed portions to the entire country would hardly do jus-
tice to the situation. Nevertheless, the figures are here presented.

It is found that the total power available in the surveyed portions,
including storage, is about 53,000,000 horsepower. If this be consid-
ered as one-fourth, to correspond with the portion of the country

86407—1I1rR 234—09——4
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surveyed, the total power of the country, with practical maximum
storage will be about 212,000,000 horsepower.

The second method of computation involves consideration of the
increase of power available from storage in the several portions of the
country in which surveys have been made, and applying the ratio of
increase to unsurveyed and similar country in those regions. The
topographic surveys, while they cover only one-fourth of the total-
area of the country, have nevertheless been prosecuted in all sections,
so that the storage data are applicable to all physiographic types
that are comprised within the United States. Applying the informa-
tion in this way, we obtain a grand total of 230,800,000 horsepower,
which, it appears to the writer, is a more accurate figure than that
obtained by the first method.

In any case, therefore, it may be assumed with confidence that,
were all practicable storage sites utilized and the water properly
applied, there might be established eventually in the country a total
power installation of at least 200,000,000 horsepower and probably
much more.

In the actual management of storage for water power or for any
other water utilization the stored waters are released according as
needed, and they must be distributed according to the condition of
the river and the length of the dry season. Therefore, water from
storage is required for a varying number of months, according to
the climatological conditions governing the river discharge. Some
assumption in this matter has been necessary, and it is believed from
the experience that has been gained in the study of rivers throughout
the country that it will be fair and conservative to assume that, if any
given storage be considered as released uniformly during six months
of the year, and the natural flow from the unconserved areas be con-
sidered as sufficient to maintain at least an equal flow during the
remaining six months, the results will not depart too widely from
the actual conditions as regards total power that may be achieved in
practice, unless, indeed, they are too conservative. It is well known
that on some rivers an economical use of stored water would involve
a shorter period of total release than six months to insure the most
uniform distribution of discharge. This would provide for a greater
power development than the six months of distribution. Neverthe-
less, the latter has been considered a fair average, and has been used
in the accompanying schedule.

Summing up the whole country according to the divisions thereof
_heretofore discussed, we obtain the general summary given below.
Especial mention should be made of the fact that the results here
given do not include the State of Pennsylvania, the figures for which
had not been furnished up to the date of this report.
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Estimate of stream flow and water power in the United States.

>

Horsepower.
Drainage | Flow p?r
. . area in [|annum in
. Principal drainages. squ billion ) rﬁz;.s:s:uultlxlgﬁl
miles. |cubic feet.| Minimum. develop-

' ment.
North Atlantic to Cape Henry, Va.............o......... 159,879 8,042 | 1,712,050 | 23,186,600
Southern Atlantic to Cape Sable, Fla.... 123, 920 5,560 253, ,957, 800

Eastern Gulf of Mexico to Mississippi River_.............. 142,220 6, 867 559, 000 y
‘Western Gulf of Mexico west of Vermilion River.......... b433, 700 2,232 3 822, 600
Mississippi River (tributaries fromeast)................. 333, 600 12,360 | 2,619,590 | a5,344, 600

Mississippi River (tributaries from west, including Ver-

milion River).......... e eeae e 905,200 9,580 | 3,948,970 7,085, 000
St. Lawrence River to Canadian line. €299, 720 8,583 | .6,682,480 8, 090, 000
Colorado River above Yuma, Ariz. ... 3 521 | 2,918,500 5,546, 000

Southern Pacific to Point Bonita, Cal 70,700 2,193 | 3,215, 3
Northern Pacific....................... 290, 400 15,220 | 12,979,700 | 24,701,000
Great Basin 223,000 |.......... 518, 000 1,000
Hudson Bay.. 62,150 614 75,800 212, 600
Total .. i 3,269, 490 72,672 | 36,916,250 | 66,518,500

. @ Not including area in Pennsylvania.
v Includes Rio Grande in Mexico.
¢ Includes drainage in Canada.

It will be noted from the foregoing that the region furnishing by
far the greatest water-power possibilities is the northern Pacific,
which comprises essentially the basins of Columbia and Sacramento
rivers, the power possibilities there being about one-third those of the

whole United States.

The following schedules give in detail figures concerning run-off
and potential water power over the various drainage areas included

within the several districts:



CONSERVATION OF WATER RESOURCES.

52

*(oTUB[}Y WIOYPIOU) SUIBAIIS JOUTUI Uf PIPNOU] 2

*Aquo segelg pejun uf odeursi( ¢

‘8 A ‘Lrudy ode) 03 suyor 18 »

........................ N.vmaw B L D @N.W»@mﬁ B R R L R N L LR ..--...---.-n....-...--v-ﬂmﬁﬁva
. . . “SIUIITA ‘puef

. ‘ . . . . wbas.. ouxBwa@ LasIo [ MON M_”.uo X MON aﬂoﬁoowﬁﬁoo
009 /28 00518 00g‘T 0962 817 0057 | 006 8T PUBIST opouy ‘syesnyoessely ‘aiysdurel MoN ‘Quivly |*°°- - (dnuey Eﬁﬁonw SUIROI)S JOUTT
00028 00€ ‘€7 or9 09°1% 66 °T 0080z | 00821 PueAIeW ‘BMUSAA |- - - -~ (Led aeedesoyp) SWILOI)S JOUL
000 ‘008 000961 Y 0g°81 ge°1 000 [ QOp/OT | 7iotiroerenoitneone PRI reeeeeent L CBUISIA |- soureg
000 ‘297 000°9LT | 954, 07 ‘91 121 00841 | 00T |770- TTBUBALASUUS ‘BTBIA 1S9 M. BIUIBI A ‘PURIAIEN |- O'WI010g
........................ 098 ‘T 0212 9T 0082 | 00V |777777TITTitoCCCTt DUBIAIENY ‘GIURAIASUURg 10X MON |- euuegonbsng
I NSO ¥18 04°9% 46°1 008 ¢ 001 €1 ITTreIeMeR( ‘BUBA[ASUUDY mwmmﬁ MON JI0X MON | dremePq
0176 08’7 7 086z | 9Ic 06E'Z | OTL‘T  |orirororererrererm et e Lostof MoN I-- uejuey
000 ‘25 00001 g9 0F 68 A1g 090 2 656, |TTTiTTmienenet Jeeeeres ;- Los1op MAN HI0X MON |- oresseq
000 ‘€L 000 ‘862 208 08°GC 06°1 00r‘sz | oop‘er |TTooocC KosIof MON ‘JUOULIDA ‘S119SNYIBSSER ‘HI0X MON |- uospnyf
SNM% 00T &% 98T 0% ‘6% JANA 008 ‘% 086°T |ttt 1001399UT00) ‘$1998NYoBSSB ‘YI0X MON |° Ou0jesnoH
009 /83 00% 71 Muw (0) Muw .......... ) | ;7 PUEIST SpOyY “JN0RILTU0) ($)39SNYILSSBIY |- SouTeyy,
00221 083°c > @) 0 ettt (2) PR DUB[ST pOTY ‘S)ISNYOBSSEN |- OISO
000 (167 000083 269 00°28 66°T 001%% | 00L'TT sSey ‘aXrgsAuIe] MaN ‘JUOULIIA |* No13ORTu0))
000 ‘06T 000 TTT 182 00°ZC 791 071’8 020 - $330SNYOBSSB ‘DaysdTreH MON |- OBUILLIBTY
00069 006 ‘0g ral 002 927 090 % [V S S axrqsdurel MoN ‘ulely |- 008g

) jO) 44 08°ZC 89°1 010°T 009 RO L 100sdmINsaIy
Q0IG | 00SOT | 98T | 00%E |FlT 0L |06 I due Mo U |- LI mEsovsompuy
000 ‘862 000281 928 09 '92 96°T 00L9T | 00§ | rrrrtroomtmotoemesessees R it RSttt 1005qOUdJ
000 ‘6% 00L8% $ET 0% g8 19 0925 0891 IR St R A LRl X010 18
008 €L 008 08 oTp 06762 oLt i S -2 S s 11 [LLLLTTT T oS0 19

. "199J91qNY; ‘seyour .
: .mww%%“w T woimd. | ul E&.oﬁ Eﬂmwm *309]

WNUXeUL o 1ad 1907 | -puoodg Amﬂwwm
powmssy ommme g | PUO%% atenbs) *poureip soelg “treeny
o3eurerq
~zomodesio *gale TIoi] MOLY

2’OILNVTILV NYTHLYON ‘I
*890)S PopL) 2y} UL Lomod Japm pup Moy wpays Jo APUWNST



53

UNDEVELOPED WATER POWERS.

*Iomod opnIUY J0U S0P Jng ‘0dTXe] UT MO[J PUL 8318 03BUIBID SOPNIOUT p ATy IAdISSISSIN pue “erd ‘©[qes ode) usemleq popnoUL SGBS JO Iy wIeIse q
*(00TXOJY JO JINY) WIS]SED) STIBAI}S IOUJUL U POPN[IUT o g1 ‘o1qes ode) 0} “BA ‘AIueH ede) o
Qm@»mmw 092 .mmw NNN& .......... e . e 01,
00028 000 ‘c€ 919 OFg | 8687 100961 | 000fGp |wrrrororerenoroiomoiieienenennmnemeer SBXO, ‘SUBISINOTT |~ (0D[XOYY JO J[I) UISOM) SUIBONS JOULY
008 ‘L8 000°GE  |TTTTTorTn|TToToeestTUtessesmeisrcseselasTorosecsneseses ot nns st e OOTXO MON ‘SBXQ, |~ """ "= - rrTriTrrmanerstasees $000
000 ‘c¥g 000293 673 oo *~OPBIO[OD) ‘OOTXOJY MON ‘SBXO, |~ 7Tttt “p opuBI) oY
007 ‘8% 000 ‘9 8TT P8F | 288" | 092 | 00GOT |TTTTrotmosmeomsssessseecsestrssressessesses SBXQ, ["Tteeetreneeeeces ednepeny
002 ‘sg 001 ‘82 0gT ZET | 4607 | 0BLE | 000°GE |TToTortorrotssmsmrrrosressssessonerecescsee [ R R --(SexX9L,) 0PBIO[0)
SQ.GN 09% K 80¢ gL |00CT | 09L6 | 0088 |TcccotoUotootetttrororemesmmmeseecs OIIXS MON »w.mumm.H .................. sozelg
008‘Z1 08T 963 812 | 688° | 0486 | QQL‘AT | -mrmcroronoromosoossresssssssessserssessssssenes G N 7 R Ly,
090°‘s 020°z 228 00°TT | 208°0 | Q0L‘OT | 00L‘Qg == -crnresseersmsmmsmsssrmsrmmsmosenennes BUBISTNOTT ‘SBXQ, """ """ ttttoottrotoeteteesees auIqes
‘OJIXEN 40 A1INH NYTLSTM Al
80 nmﬂ@@ OS »@m;ﬂ h@@ n@ .............................. ONN NNﬂﬂ ......................................................................................... Jﬁpoe
000 ‘08 000 ‘08 096 ‘2 0% ‘0 08T 008/¢6 | 0029 BueSnor] ‘1ddISSISSIN “Bureqe[y ‘8priold | "(09TXel JO JINY) UI0)SLS) SUIBSI)S JOUT
) ) . LI (el B Bt S S FOI it i s e e g BUEISIIOrT TAAISSISSTIY |7 oot o o e ds st o
000 ‘8% (10 R 772 R AR MEE R SRR bl bbb 8131000 ‘BUIBQBIY |*° *-RUIBqB[Y
000 ‘00T [ R i M i R RS - === 1ddyssIssI ‘eureqelVv |- **99Q3[qUIO,L,
.................................. ddyssissIl ‘v13100f) ‘BUIBQBIY |° e .SBMHE
000 °‘9z¢ 000 ‘702 e ®pLIol] “BISI00) ‘BUTRqBIY |°° gjooryoeEdy
©) () |e®  |oF0z 08T | 000°GT | 0466 |TcCctoottororUoototersosmsssemosemieecs 13100 “BPUIOL |~ " TTTTTTTTTTTTroTeercoceccccee souBMNg
€ ODIXANW J0 AT1NH NYHLSVH 'III
Oew »hmm n.n 80 AWGN aﬂ 8@ mm .............................. ON@ «MNH ............................................................
000 ‘0% 00002 08¢ ‘T 0461 oI 00T0¢ | 00978
000 ‘76 009 ‘L8 869 0121 931 00L‘2T | 00T ‘%1
00% ‘01 002 ‘7 908 02 LT 17T 0889 LA
000 /8¢ 000063 299 0712 89°T 009‘AT | 00T°TI _msew ‘“surols) qInog
000 /06¢ 000 ‘00% oLL 0922 99°T 00¢%5 | 00871 oDt -eojusg
000 ‘pee 000°22Z £6g 04'12 09°T 00691 | 009°0T UI{0I8) YINOS ‘BUT{0IB) ﬂcoz ............... EEE@ 89pog
00008 000 /0% 05 04°9T €21 00T‘TT | 020'6 i) | M I Jeoq oden
00001 000°¢ 163 06 L1 ze°1 02g ‘L 099’9 OSSR Soee M OsSnoN
00078 000 ‘7 ¥LI 0121 9z°T 005 ‘¢ 092 % RN ;10 1 (250 B 5 ) O SRR 18],
000 €7¢ 000 /903 a8e 00°L1 %1 00Z‘cT | OFL’6 - ” (2 N M -ej0uB0y
001 ‘0T 00T ‘g 144 0061 0% T 000°‘L 000°G  [TTtTTmoTmrmTentTossesremeeeones BUJ[OIB) YMION “BIUISIA |~"7" 777" wmrroTotooserooTeees uBMOT)

2" DIINVILY NYHHINO0S ‘11



CONSERVATION OF WATER RESOURCES.

54

09¢ ‘L

B0SOUTITY ‘TISTOOS] A\ ‘SIOUTIIL
...................... BJOSOUUTIY ‘UISTUOISI M\

-orq0
.......................... NEP—%QW »MHOM MON

...................................... op--t
St USUOOSIM |
UISTOOST A “SIOUTlI] |-

‘grueAldsuteg |-

“(1eA1g
Hnosspy_ oa0qe) [dAIsSISSIN
Ioddn selrsinqii} wI9)SEd JOUT

S[O!
. .._mzm LINOSSTIY 24048 ‘[ddis
sy deddn ‘semreinquy  wINSB
(O1qQ) SOLTeIN( LI} WIS}IOU JOUTH

00L ‘2 [1707:35 £ Al el it kbl Rl bt BIUBAASTUSJ ‘BIUISIIA 159 ‘A{ON)UDY ‘00SSOUTLT,
000 ‘e82 L L O HE e I I N BIUBAIASUUD] ‘BITIBIIA 10
000 020°T 000 20% [BUI[oI8) UHON BIULBII A Nﬂﬁwﬁ A IPM [
009 43 %L1 BIUBIA ‘BJHSIA IS0 “AFon)ue
001 ‘g% 00T ‘ST
009 ‘86 005 ‘1T OISSOUTOJ,
000 69T 008'9L | 7 Tt e s e st e e BIIISITA ‘90SSOUTR],
“BJUISITA “BUT[OXE)) YLION
000°086°T | 000°OTG‘T |- |t ‘®3100p ‘ewreqery  IddISSISS[IY ‘eesseumt®, ‘AYonjused]
“BIUBIIA 15O ‘BIULBILA ‘BUIOIB) YLION “BI3100D)
‘eUTBQB[Y ‘BUBIPU] ‘SIOUIII ‘OTYQ ‘{I0X MON ‘erueA
000 ‘00T ¢ 0000 ¢ 008 ‘8 06°L1 281 000°0L2 | 00050z | -1Asutaq ‘puvlAreyy IAISSISSIY ‘09SSSMUR], ‘ANONJUe[ [ttt ccccoteeceeseeecceesess ) .Am,m_,%o
’ 10 OAISTI[OX0) JOATY LINOSSIY MO[eq
000 ‘08 000 ‘ST 08¢ ‘1 06T 11 00T0G | 008Gy  |=17ririirrmrseem s ‘1A dysSISSIIY JoM 0] SOLIB)N 11} UIS)SEH
000 ‘gee 000 ‘L¥T 067 | €9°L 2920 (10 A T I 0 S A | e et et A » 1A d]sSISSTIY
dboadp TIOM | ur pdoqr| ornbs | 00
- - It I 1091 .
wmurrxe | TR 10d j00] | -puoseg Amoﬁmﬁ
peuwmssy ‘umuus Jeg -puodeg 2%%5& *poureIp s09€1S ‘wrears
adeurerq
1omodesIory *BoJE WOI] MOL

(ISVHE THL NO¥d SHIYVINGIYL) YHAIY IJJISSISSIA "A
*PONUIIUO)—82S PopIy] 12 UL Lomod 4ppm pup Moy wva.s fo NPUYST



55

UNDEVELOPED WATER POWERS.

*9z8¢ *d ‘1681 ‘s1oemSuy Jo Jory) Modey [eNuuyY WO} ‘OAISTIOUL ‘0681-6L8]1 93IBYISIp [enuue UL p
‘epeue) U] omod Jo 9AISNIOXS 1Y MOfJ SOpN{oU] »

A3 ‘SIIIASMOT 18 Jem0desIoH q

*AAISNIOU] ‘I9ATY uoyuLe A 0) IdAISSISSI 94} WO} 93BUIRID [% SOPNOU] o

Osnﬂwcub Ohmnﬁmam cwm»m l .......... ﬂ .......... _ .......... SN«WS .......................................................................................... EOE
. . *(1oATY HNOSSIIY Mopaq) ddis .
000021 000 %% T T T T T T LITOSST "B MO0 B10SoUUI Y -SISSTI J0M0] SOLIBINLI] WIGISOM JOUIY
000 °s¥1 (171751 20 ARG R R b bbb Rhhh A AR SUIOYE[T( ‘SEXO,L, ‘SBSUETY ‘BUBISMOTT |~ """ 7o owimesmorrooemerrotecenees Py
¢ & <, ‘ “SEXAL, «QONNOE ......
000 ‘gp1 {17111 397+ IR ettt e deieied Attt Rieieieieieiiel Al MON ‘OpRBIOIO) ‘BUIOUR[Y( ‘SBSUBY[ ‘MNOSSIIY ‘SBSUBYIY [~~~ """"""** SESUBNIY SOMIejnqLi} Iouyy
000°‘8¥E (171 30 1 J it Sl bl bt At Ik btehil Rk b OOTXOY MON ‘SBXQ, “BWIOYRPI(Q |~" """t ctcttotoretteteslee usIpeus)
00079 [17,-50§ G Rt el Rt Ittt Attt Ml SBXO, ‘00[XO] MON m@mmﬂWM :mwwaﬁ_mo ............................ uoLIewIr)
'SBX9,J, ‘00IXO|{
000‘z8T 000°01T 090°2 00°¢ 69" 009‘G0 | 00gL21 | MeN ‘opeIOjo) ‘CUWIOYR[( ‘SeSUT ‘WMOSS[ ‘SESUBNIY |~*7 "t "ccctoctttteoctesresesss wﬂmnw.wm<
. . -1V JO OAISNIOXO) I0ATY HNOSSTIY Mo
........................ 032 ‘¢ 06°1T 088" 000°30T | Q00°QIY |~""""""TTtUUtTUUCRWOURIQ ‘SeXe, &Nﬁwwsmﬁwwa -0q ‘1dd}sSISSTIN 10M0] SOLIRINALI} WIR)SO M
000092 000061 - STl e YMON ‘B10¥BQ WINOS ‘@YSBIQON ‘sesusd] ‘HnosSII |- (IMOSSIIY) SOLIBINQLI} WISYINOS JOUT
000 ‘61 068°L - R e AL RS REL AR SBSTWES] “TINOSSTY |~~~ =-=w - - -srremrsemmemsrones 03850
§nh®ﬂ §nm-°.n P R L LR R R LR L R R Wﬁmﬂ-@M b&“ghﬂ.wz »QﬁﬂhOﬁoo T %M
000299 (111 S R R R 0pBIO[0) .mﬁﬁom M ‘BYSBIQON |"TTTTmmemem e Torrenyeld
000 ‘OrT 1134 S i R Ry RSS! St RS BYSBIQON ‘BI0XB( YINOS ***RIBIGOIN
000‘0LT‘Z | 000OBPT |- - |t et s s s s st SUTTOL A “BURIUONY |° 9U0ISMOT[0 X
00% ‘0% 1101 A S Rk R b i R R i A BUBYUOTY [*= 7 == =-=wr=--rowmsesmenmes 1oYSIosSniy
000 ‘062 0000LT  |TTTC *TT BUBUON ‘@10¥e( YInog ‘ejoyed YMON “@Mo] ‘TINOSSTI | (LMOSSIIY) SOLeINqLI} Weyjiou JOUuIy
0004921 Q00F6 |7 Tl e e e T T s SR R T T T s Op* e[t S uneen
00093 000 ‘91 “opT- * UOSTPRI
Sorar | dooek “op:- e
[1.0)4 ag “op~” ** "B
°8~8 °8u8 D L R R R L R R Ty dgagos R A S
006 ‘88 1171 VA RAR by R R Ee bbb R bbb AR ©10NB( YINOS “BJOSSUUIJY BMOT |7 777" "== =77 rm=mmoomeeee xnoig 1g
SBSUBY] ‘BYSBIQON ‘OPBIO[OD ‘SUTUIOL A ‘“BUBIUOIY ‘810N
000009 000°00s | 096 | 157G 81 000762 | 000228 | -8 UMON ‘e30¥e( UINOS ‘E10SOUUTI “BUBISINOT ‘HNOSSJY |~ ~7" 7" r7rr=-wwmro-meroreeseeee 5 LMOSSII
*(I9A1Y MNOSSTI 9A0qB) (ddys
000°GLZ (11,1343 SR Rkl AR R AR Rtk b AR ITNOSSTIY “eMoT “8joB(J YINOg ‘Bjosouuily | -sissiiy 1oddn SopIB)NQII} UI}SOM IOUIN
OS»NNN 08»% ...................................................................................................... OMv ............................... m@ﬂwcg Mﬁﬁ_”
00L ‘01 1175 N Rl R bbbl R bbbl RS Rl R bbb bbb bbbl BIOSOUUIPY “BMOT |*"" %= -==-=mmmmmeeeeeees uooruidisde A
009 ‘9% (1702507 S R AR Rl R b M M bbbty ®10qB( YOG “BIOSOUULIY |~ -"""rcr-=rroresmneete ©10SOUTIIN
*(I0ATY LINOSSTIV 9A0QB)
........................ ore‘1 6L°9 109 °0 009 ‘2 00LP8 [Tt oTTTTCoTTTLMOSSTIY ‘emo] ‘ejoxe( yimog ‘ejoseunyly | (ddississty seddn  sepreinqgur) UIe)sem

(LSEM THI NOMJ SHIYVIAGINL) YTATY IJJISSISSIA ‘IA



CONSERVATION OF WATER RESOURCES.

56

o0e'ss‘L | oov‘erz’e | e61°C QOL9DL [T erTemnt et st f—
000°0¥1‘ey | 000‘65L% | 0SS 8 08°¢1 6 20°T6 | 008916 | Q0GUQT B |~ -mrommoTiTmrtesrrvsssieceseesseseisenerens BIWIOJI[BY " =n=rronrresmerereees umbeor uBgy
000°08¢‘%7 | 000°05F ‘G | 0EF‘T 0L 76T 20 SN IR A 0 2 - A T08BIQ “BIWIOJ[RY "7 77T Tr s ojuswRIIEy

f ‘ . . ¢ L S P : Leq oospuely uey
00288 00¥ 08 €63 t2e4 Qze°0 115492 008°22 |TLIoN (8D (0y108J WIOYINOS) SUILAI)S JOUFI

£0L4I0Vd NYEHLAOS 'XI )
§~®$m’ «m gmnwﬂm ~N _ HNﬂ .............................. cgamNN ............................................................
So”o« . 00003 BIULIOJ[B)) “BPBASN ‘UBI[) ‘OOIXOIN MON ‘BUOZIIY
oocb—m% So“ﬁw ‘T rroperojo) ‘Suypmo. mew ‘yesn |-
000°018 ‘1 [ R A SR SRR MRS SO g} ‘OprIoio] |-
oSﬁ«m oocbﬁ 0PBIOIOD ‘Yrl(]l ‘OOIXOT MON ‘BUOZLIY |
00052 b ] LR LR T P R e e PP P PR S Ert M CPE R R L opr -]
000 ‘152 111154 AR SRR SRR A S ERAER R tAE A N A 0OIXOTY ?w N Nﬁnw_s_u‘«
“BUTWOA M
000080‘c | 000‘0ST‘T | 12§ 00T €8L0°0 | 00$‘9T | 000°GG3 | ‘OpeIOI0D ‘0IIXOI MON ‘BUOZLIV “BILIONIED “BPBASN ‘UBIN |
"HHAIY OAVYO0TIO00 ‘IITA

8@—8@ nw» Ai omv *Nww *w mmm- .W ............................. QNB .gN .......................................................................................... —.NOQHL

. . . . D *(8mqsuep3( Mo[aq) FI0X
So»m& 004 .8 Q91 0g¢ 3 046 km o MIOX MON U] SelIRInNqLI) S0UdIMT] )8 JOUIW
| gt R AR LR T

2 P B3 S -~ RPN sttt L op-
00000692 | 000008°¢ £98° 000023 | 000953 “YI0X MON
008 .No 000 82 09S¢ 000 2% 008 0¥ 9 ausg ‘orqQ
0929 0sg’e 926 000°86T | 000 FTg | 777777itrrrrriiinioI st T e op -
000 011 00F ‘€8 18" 00009 | 006 89 ueSIyoI
000 95¢ 000 9%8 818" 00¢ 09 (R PUBIPU] ‘SIOUI[[] ‘UISUOOSI W “WeSIYOIN |~~~ """ “ue3TYOII oeT
000 ‘923 000 ‘02T 20°1 [ 1] 4 VI AR ULSIYOIY ‘UISTOOSI AN “BIOSOUUIY |~ """ == "="""r st rtooees Jouradng axer]
........................ 9870 000°GG% | 000°88G | -""-rttotoTtoormosteemseteeteioscescecciiieshccscaste]ecessee 3 0N ‘BInqsusp8Q je eousIme] 18
|
*198J0IqNO| *Sayoul
Ao wong | wmded| obh | .
-dofeAasp P arenbs 139]
WNWIXeW T 10d 989y | -puooeg .Amﬂwﬁ
paumssy R -puoosg o._MmRmv ‘peueIp $01e)S “mreenty
afeurerq
1omodesIog *BaIB WOIy MOTT

"HHAIE HONHIMYVT LS ‘IIA

‘PONUTIUO)—S2I0IS PapU) 21 UL damod Lappm puv Moy wpas fo apuLyssy



57

UNDEVELOPED WATER POWERS.

*Auo s9ye)g peu Ur afeureiq w
. romod opuoul jou
S0P Jnq “epBUB)) UI SIPALI SO PUR BUIQUISJ JO MO PUB BoI8 aSBUIBID SIPNIOU] 7
(10A1Y UmMbeOf UBG 995) 938UIBIP 9] OJ8[N], 9PN[OUT J0U S|0(T ¥
-30m0d SPNIOU] 10U SIOP JN( “ePBUL) Ul MO[j PUL BaI8 9Jeuisip sepufouy ¢
-ou[[ UB[PRUB) PUB ‘*[8) ‘BjIUOog U0 UseM]a( pPopl[oul ofIoed UIaYLION 2
-ofeUIBID 98T IR[N ], SOPUPU] ¥
*(938UrBIP BPBAAN BiI0IS 998) 93BUIBID 08’] AIB[N], JO OAISO[OXH 6
*[8) “ejIuog jUI0J PUB SUI[ UBIIXAJY U8} PAPUPU] VP08 UILYINOS [

‘89981 pejiun)
oY} UY SoFBT 1801 oY) 0} SOMUBINCLI JO PUB JOAry BIeSeiN Jo Jemodesioy Ewomw ?
‘X °N ‘Sinq
-SuapS(Q_9A0(E SOLIBIN(LI} 90ULIME] *1§ IOUIWI PUB JOAIY oIgoIe3omsQ sepnjouy p
*98IBYOSIP [BNIUUB UBAUI JO SISB( 87 UO S[[B BIBIBIN 18 IJomodasiol 000‘00S‘E o
“Ire[) “18 exer] sepu[auf q
* £10911199 UBIPBUR) PUB $8)€1F
pejIuf) Yjoq UIOIj 3IBYOSIP [8)0] 97 SMOYS )] °S90BJINS J9J8M PUE PUB] Y10 WO
PO-UTLLI 873 SOPU[IUI PUB ‘Z6ST 03 0981 WIOLY mns © §8 S8BT 18aIL) 9] JO YO8 0] UIAL
ST on[BA 93I8yasIp o4, "AuLlY 'S ‘() ‘100UISUL JUBISISSB ‘IO[PAY M 'S M Jo 10dai UIoay
A[JeTo PeALISp Se5BUTBID SONB’T 181N 81[) Jo 831BYISIP PUE §BaI6 9FBURID JO SANU[BA D

009 ‘212 008 ‘¢ 25 2NN Ak M A 09129

009 ‘0 002 ‘02 89e 09e | 00T | 00gTT | 008°T

000051 009 ‘0¢ 8y o0r 18 1% | 0IS T | 099,

000 ‘28 0006 802 LT 8210 0zF 9 000 '0¢

000 ‘108 000 ‘81¢

000 ‘T 000 ‘0T - 008010 ‘Uerny “dvd&wz EESE«O - - - -UIsed 801N U SUIBAI)S IOUFH
000.209% | 0007068y 1777H0510 'SPBAON. ‘SILIONIE) |77 77T OFRUIRIp GpEAON Blolg
g 0 -0 ‘Surmo st IO -+ -a3eure. w aEcnqu o
000 ‘671 000 ‘g6 Uepy ‘su] M ‘qEIN TeIp SUBJUnoN yojese
000°TOL ‘%8 | 00L°626 L | 0g3‘GT  |*" """ 7" |"77rr 7 rr| T r e QOIOBG |1 e T e s s e s e e 807,
oocw%m”m %w”mmmé ...... uojSuryse m kncwwgw m%mwwmﬁww ......... Y98 WISYLION hm_wu.ﬁv.man_wm Mowg
000°00%'T | 000°6TL | OL8°T [ 089¢ | QL% | 0068 | OQOQFYT |- rococtottTooTToTRtmcomesmomessmmoioems I TTTTesserTomomTeT e eeers Uro: 9sng
000°082°T 000°81L uol3uryse \\ ‘uosei(y |- “*BIQUINIOD ‘SOLIBINY LI} JOUIH
000°28¢ [ A R A R ] E bl M SRR OUEp] ‘BUBIUOW |

000929 000761 - U0)3UTGSE Ay

0001029 | 000/0€8‘T * “BUBIUON ‘OYED]

000019 000283 ; et oqepr :oﬁ:ﬁ@ M

00090087 | 000/088°T YPBAIN ‘SUTWOL A\ ‘OFeP] ‘U0ISUYSE A\ ‘U0S0I0)

000841 00L°6L o STtttoptUUC

000/055T | 00000 oo

0000829 000090 ‘% 007182 |"8pBABN ‘U0jBurysE A ‘BUBIUOIY ‘SuTwoL M ‘oyep] ‘U0S0I()

$DIAIDVA NYTHLYON 'X



CONSERVATION OF WATER RESOURCES.

58

*8pBUE) Ul 9euIsIp Sepniou] q *00[XaJ{ Ul 9pUBLY) O1Y SOPN{Ou] »

........................ TL9°GL 68 ‘695 ‘€ ..A@upﬁ

009 ‘18 008 L v19 05139

000108 00081~ |*"oerettort 000 /€52

000,102 %% | 0066 2T | 022 9T 00¥ 1068

008 808 L S«CEN Nm €61°C 00L bh 30 “epiuog juiod 0} 01108 UISYINOG

000 9%¢ ¢ 00¢°816°C | 29 000 °See TZIY ‘BUIN X 9A0(B IDATY OPBIO[0D

090°060‘8 | 087 ‘289‘9 | €898 q A T SR QUJ] URIPRUB)) 0} JOATY SOUMEBT 1§

000°G80°‘. | 026°S¥6°‘C | 08¢°6 002 ‘G06 (I9ATY UOITULIOA mSvEQE “4SOM UIOJ) SOITRINLI}) JOATY TAAISSISSI

........................ 09€ ‘T 009 ‘gee TeeesShensiio e (0o UTOd] SOLIBINQLIY) J0ATY TAAISSISSIIY
1 € & ¢,

099 258 09 °88% [scaad 002 °88F - " - JOATY UOI[IULIOA JO 1S9M ODIXJY JO JINY) WIDISOM
¢, [y 7 17

000296 000 699 298°9 [V 2 S JTOATY E%wmamﬁﬂ 0] 0O1XOTY JO JIND) WIS)SBEL

003°296°T | 000°895°T | 098°C 026 ‘80T Trrreeeeseees o e e TrTmmrrsseseeeesensenens e den, By ‘o[qeg ade) 0} ONUR[}Y WIOYINOS

........................ gw @N_wa%ﬁ -..-..-ua-'...-...........:............-.................-........'....-......-....-‘.-..u®>.EﬁwmwﬁmﬂoSoﬁﬁﬁﬁﬂwd«E@.ﬂtoz
juswr *(399] 91 (SO[TUE

ﬁm_ﬂwwww UM IR ﬂuﬂm__.mwnv ﬁﬁwﬁvmv BaB *sofewrerp redpug

pOUISSY 1od mofg | PORURIA :

‘AAVRARAS TVEANTD

*PONUNUOD~—SIWIY PoRILy) 2y Uy damod uapm pup Moy winaLs f0 WIS



IRRIGATION.

By F. H. NEWELL, .
Director United States Reclamation Service.

LEGAL STATUS.

The National Government has passed three important laws for the
encouragement of irrigation; (e¢) The desert land law, which was
best adapted to individual enterprise in the development of com-
paratively small tracts of land by irrigation systems of moderate size;
(0) the Carey Act, which was designed to encourage corporate ir-
rigation of public land under state auspices; (¢) the Reclamation
Act, which provides for construction of irrigation works by the
National Government itself. Enumeration was made by the United
States census of the acreage irrigated in 1889, 1899, and 1902. With
those figures as a guide, and by the use of the general information
possessed by the Reclamation Service, an estimate has been made of
the acreage irrigated in 1907. The results given 'in the following
table include very large areas which receive only one or two irriga-
tions by flood water, and others where the supply is inadequate.

Irrigation in the United States.

NUMBER OF FARMS IRRIGATED.

United States. |Arid region.

Year. region. | region
a 167,200 152,000 7, 800 7,400
133,356 122,156 7,021 4,179
110,117 102,819 4,897 2,401
54,136 52,584 1,552 |..........

¢ Estimated.

NUMBER OF ACRES IRRIGATED.

S @ 11,000,000 | 9,700,000 | 425,000 876,000
1902 - .ot 9,681,280 | 8,471,641 | 405,449 | 600,199
1809 it 7,778,904 | 7,963,273 | 266,417 | 251,214 .
BT 3,631,381 | -3,564,416 | 66,965 |..........

¢ Estimated.

Irrigation by individual effort has been undertaken in each instance
in a small way, but in the aggregate this method has led to the most
59
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important development and has resulted in the largest total acreage.
It is also being developed to some extent by corporate enterprise, but
results from this source are relatively meager, except where the
corporations are of a community character. Cooperative communi-
ties have done much in the past and their future works will probably
be important. Development by States under the provisions of the
Carey Act promises well in some localities where there is efficient
state supervision, as in Idaho, Wyoming, and Oregon; large results
have already been accomplished in the first-named State. National
development through the agency of the Reclamation Act is beginning
to show results and is steadily proceeding. It has been confined
mainly to those enterprises which are too large, too costly, or too
slow in producing returns to tempt private or corporate investments.

The Reclamation Service has 29 projects in various stages of con-
struction; these contemplate the ultimate irrigation of 2,700,000
acres, against a total acreage of 367,023 for which water was fur-
nished in 1908. The following table shows the distribution of the
projects, the total ultimate irrigable area under each, and the irri-
gated areas for 1908 and 1909:

Irrigation projects.

State. : Project. Trigable | Irrigated -

Arizona ........
California ...._...
California-Arizona .
Colorado oo oo iciaiaaan Uneomﬁ _______ 15,600
Minidoka........... 74,000 24,464
Payette-Boise....... 315, 000 55,000
Garden City........ 8, 500 5,558
Huntley............ 28, 000 4,400
St.Mary............ N PO PO,
Sun River.......... - 256,000 |..........
North Platte....__.. . 164, 000 23,220
..| Truockee-Carson . R 200, 000 27,450
Carlsbad . , 000 8,000
Hondo. .. 10, 000 1,500
ol s o
uford-Tren 3 ,
North Dakota . ............cooo.c.n seseemeneanes Williston.. . .. . X 12,000 2,000
North Dakota-Montana --.| Yellowstone........ - 66,000 }..........
Oklahoma . ..........ocooounen ...| Cimarron e PR
Oregon .......... Umatilla.... 20, 000 2, 500
Oregon-California Klamath............ 187,000 9,378
South Dakota.... Belle Fourche....... 100, 000 , 000
L0 7 Y S Strawberry.........
Oka.nogz:.in. .
5 Sunnyside
Washington .. ceoeeiiii i eiiaanns Tieton.
) Wapato
WYOmENE . o Shoshon

2,700, 000 367,023

Under the Carey Act there have been approved 1,716,424 acres for
construction, and patents have been granted covering 293,083 acres.

The following table shows the location of the lands being irrigated
under this act:
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Segregations applied for under the act of August 18, 189} (28 Stat. L., 372—422),
and the acts amendatory thereof, with the action taken thereon, from the
passage of the act to July 1, 1908.

[Areas in acres.]

Rejected, < Approved
State. Selected. | relinquished, Approved, not and

ete. patented. patented.
Colorado. . ooooiiii i 59,807.94 5,704.95 54,102.99 ... ... ......
Idaho.. ..., .- 1,180, 566. 17 265, 828. 94 662 254.00 156, 954. 90
Montana. .. 104, 587. 98 2,792.53 83 498. 54 18,296. 91
NevadR.wno oo - 12, 644. 61 000,00 |- <o
Oregon... ...l - 432, 202. 53 78, 507. 31 245,287. 52 50,063. 13
Utah......... .. 328,327.40 236,980. 83 48,226.74 ... .........o.
Washington...................... . 155,649. 39 155 649.39 [
Wyoming. ... ...l .. 965,598.64 | 198,994, 18 623,054 44 67,768.72
Total .o 3,289,384.66 | 952,458.13 | 1,716,424.23 | 293,083.66

Oregon segregation list No. 5, covering 58,344.57 acres, is now
pending before the Secretary on appeal from the decision of the
“ General Land Office rejecting it.

Wyoming segregation list No. 27, covering 26,936.03 acres, was
rejected by the General Land Office, which decision was affirmed
by the department, but said decision has not yet become final.

Irrigation under the Indian Service is rapidly increasing.

The extent to which the irrigated area in the arid and semiarid
regions can be increased can not be accurately estimated with present
knowledge. If all the run-off waters of the arid region could be
conserved and employed in irrigation, the total area might, perhaps,
be brought to nearly 60,000,000 acres. This is very uncertain, how-
ever, as our knowledge of run-off is confined to only a portion of the
streams, and is incomplete; furthermore, such an estimate involves
assumptions regarding the duty of Water that may introduce large
errors.

It is known, however, that large portions of the water of the arid
region can not be used in irrigation, as no irrigable land exists upon
which it can be brought at feasible cost. -In general, it may be
stated that the value of irrigated land is increasing, and certain
developments are tending to decrease costs of construction, so that
it is impossible to draw any approximate line of demarkation, even
if we had full knowledge regarding present costs. This would re-
quire elaborate surveys, which have not been made. For these rea-
sons any present estimate of the total irrigable area would neces-
sarily be little better than a guess. With present data, the closest
statement is probably between 40,000,000 and 50,000,000 acres, in-
cluding that now under ditch.

The subjects of irrigation, forestry, navigation, power, domestic
water supply, and drainage are all closely interrelated and should
be thoroughly studied together, not only in the arid but in the humid
regions. No one of these questions can be properly treated without
full regard to all the others. Proper study of these comprehensive
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questions should include more extended observations of rainfall and
evaporation, especially in high altitudes, and of the annual flow of
all streams. Comprehensive topographic maps should be made show-
ing the areas of drainage basins, the location of reservoir sites, and
their relation in altitude and location to irrigable lands and to power
and navigation resources. Such maps are the basic information most
urgently needed for all land classification, and without them no wise
policy can be adopted.
WATER LAWS.

Both state and national laws are incomplete in permitting and
encouraging the settlement and improvement of lands which should
be reserved for reservoir sites. Thorough surveys should be made and
all feasible reservoir sites discovered and reserved for development.

The present laws in some States tend to promote irrigation, but in
others they do not. The most primitive form of regulation of the
use of water in irrigation is best exemplified by the present laws of
the State of California. These declare the principles of priority
and beneficial use, and provide that claims to the use of water shall
be recorded in the form of a notice of appropriation, and shall be per-
fected by application to a beneficial use. At the same time they try
to recognize as concurrent on the same stream rights derived by prior
appropriation and rights depending on riparian ownership. The
riparian doctrine of water rights should be definitely and perma-
nently abrogated in all arid regions. This has been done in some
States by constitutional provision and in some by judicial decision.
In all the States of the arid region where the riparian doctrine is
recognized, material modifications in the old common-law doctrine
have been made and put into effect.

The form and theory of these laws have been developed by several
of the States, elaborating upon the principles of the California laws
and the methods established in that State.

The operation of the earlier forms of these laws places no restraint
upon appropriations of water. The courts in passing upon the claims
of the appropriators, having scant information concerning the
amount of water available for use, with no guide to the quantities
which should be applied in the cultivation of crops, and confronted
with the excessive claims of the parties, have often adjudicated rights
to the use of water many times in excess of the amount carried by
the stream.

The knowledge obtained during recent years concerning the dis-
charge of streams and the use of water has caused such decrees to
become exceptional in present practice. Nevertheless, the need for
a more careful regulation of the appropriation and use of water has
been apparent for many years.
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In 1890 the State of Wyoming enacted a code of water laws pro-
viding for supervision of the utilization of the water supply through
a state engineer and state board of control who adjudicate rights to
the use of water in the first instance. The division superintendents
and water masters have immediate charge of the distribution of the
water in the various water divisions.

Nebraska subsequently adopted a code of water laws similar to
the laws of Wyoming.

Idaho, Utah, and Nevada in 1903 adopted codes of water laws based
upon those of Wyoming with, however, a number of important modi-
fications dictated by experience and the development of irrigation
practice.

At the sessions of the legislatures of Oregon and Washington in
1903, the governors were directed to appoint commissions to prepare
and submit drafts of a code of irrigation law.

At a joint session of the two commissions with the then chief en-
gineer and other members of the Reclamation Service held in August,
1904, the fundamental principles of a modern irrigation code were
discussed. There was also some consideration of the provisions
which should be incorporated in such a code to facilitate the opera-
tions of the Federal Government in carrying on the work of con-
structing the irrigation systems contemplated by the act of Congress
approved June 17, 1902 (32 Stat., 388), known as the Reclamation
Act.

After this meeting, a state code of water laws was drafted by Mr.
Morris Bien, supervising engineer of the United States Reclamation
Service, which, in 1905, was adopted without material change by the
legislatures of North Dakota, South Dakota, and Oklahoma. The
legislatures of Oregon, Washington, and New Mexico adopted parts
of this code, but omitted some of the most important features. This
code does not involve any new principles, but constitutes a revision
and combination of the features of the more modern statutes, ar-
ranged as a consistent and complete code.

PROPOSED WATER CODE.

A state code of water laws should provide for the appropriation,
adjudication, and apportionment of the waters of the State, and
divides itself naturally into four branches.

First. A declaration of the fundamental principles upon which the
right to use water shall be based.

Second. The adjudication of rights to the use of water claimed
under the previous laws, thus determining the unappropriated public
waters.

Third. The regulation, control, and determination of the rights to
water to be subsequently acquired.
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Fourth. The regulation and control of the distribution of water,
rights to the use of which have been established.

The code under discussion is arranged to provide appropriate pro-
cedure for the application of these principles.

Under the first heading the fundamental principles are few and
well established, namely, that all the waters within the limits of the
State belong to the public and are subject to appropriation for bene-
ficial use, except from sources of supply which are navigable; that
the prior appropriation of water shall be the basis, and beneficial use
the measure and the limit of the right; that the use of water is a
public use, and private parties may exercise the right of eminent do-
main for the utilization thereof; and that water used for irrigation
shall be appurtenant to the land on which it is used.

Under the second heading, providing for the adjudication of rights
claimed under prior laws, it is now generally conceded that the final
adjudication must be by the courts. The codes of the different States
contemplate various forms of procedure. In the code referred to, a
state engineer, appointed for six years by the governor subject to
confirmation by the Senate, is to make a complete hydrographic sur-
vey of a stream system, obtaining all the data necessary to determine
the amount of water available and the rights of the parties entitled
to the use of it. This material is turned over to the attorney-general
of the State, who is required to enter suit promptly for the determi-
nation of the rights of all parties and to prosecute the same diligently
to a conclusion. In all suits for the determination of the right to the
use of the waters of any stream system, all who claim the right to use
such waters shall be made parties. In all suits involving the determi-
nation of water rights, the attorney-general is required to intervene
on behalf of the State, if in the opinion of the state engineer the
public interest requires it. '

The third subject, namely, that of the regulation, control, and de-
termination of rights to the use of water to be acquired, is placed in
the hands of the state engineer. The procedure proposed is substan-
tially the same as that adopted in the other States having a modern
irrigation code with some differences of detail.

The principal feature to be noticed is that before any work looking
to the construction of an irrigable system is commenced, and after
the state engineer has passed upon the form and substance of the ap-
plication, the intention to appropriate the water shall be published
in a newspaper circulated in the community.. After such publication
the state engineer will approve the application if no valid objection
is presented.

When the construction is completed, the works are to be inspected
and approved by the state engineer, who will then determine their
capacity, which will limit the amount of the appropriation. After-
wards when the water is applied to a beneficial use, the state engineer
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makes a further inspection, whereupon he issues a- license for the ap-
propriation of the amount of water which has been applied to a
beneficial use. A time limit is fixed for completion of construction
and for beneficial use. ‘

For the distribution of the water, which comes under the fourth
brancgh, the States are divided by the law into water divisions by
drainpge areas, each under the supervision of a water commissioner
appointed by the supreme court of the State. Their function being
the distribution of water under judicial decree or appropriation,
they may be regarded as, in a sense, officers of the court. The water
comnlissioners with the state engineer constitute a board of water
commjissioners, of which the latter is president. The water commis-
sioners each serve six years, their terms being so arranged that a
new qgne is appointed every two years. This board has general super-
vision) over the waters of the State.

The actual work of distributing the waters to those entitled to use
them |is performed by water masters appointed by the water com-
missigners with the approval of the state engineer. Each water mas-
ter has charge of a water district set apart by the state engineer, as
found necessary from time to time. The operations of the water
master are under the supervision of the water commissioner, and
their acts are subject to appeal to the state engineer.

The cost of the water distribution is borne by the water users.
The general expenses of the state engineer and the water commis-
sioners are paid by the State. The greater part, if not all, of this
expense will be returned to the state treasury by the fees collected
by the state engineer and by the repayment of the cost of hydro-
graphic surveys by the parties to the suits for adjudication.

Special reference should also be made to the features of the draft
relating to the work under the federal Reclamation Act.

In order that the State may obtain the full benefit of this work
and tp prevent serious interference with, and perhaps the entire aban-
nt of, the projects which are considered for investigation,
rovided that the water supply for such projects shall be re-
from general appropriation until the investigations of the
ation Service shall determine the precise amount required for
the project, the remainder being then released from such reservation.

It fis also provided that state lands coming under such project
shall |be disposed of in harmony with the plans for the disposition of
the lgnds of the United States, and that lands required for the recla-
mation project for irrigation works shall be transferred to the United
States without charge.

In pll sales of state lands after the enactment of the code, the con-
veyance is to reserve right of way for ditches or canals constructed
by aythority of the United States.
86407—1IRR 234—09——75
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The theory of these provisions is that the State regulates the appro-
priation of the water, exercising this power and holding the land in
trust for the public, and when the interests of the public are so
directly involved as in these large irrigation projects, and when,
further, there is no element of individual speculation or profit in the
construction of the works, which are for the purpose of establishing
the maximum number of homes on the land. it is the duty of every
State to which the Reclamation Act is applicable to ass1st with every
resource under its control.

It will be of interest to review several of the other provisions of
the draft.

Units of measurement are established ; the cubic foot per second for
the flow of water and the acre-foot for volume. The miner’s inch
is fixed as one-fiftieth of a cubic foot per second, unless a different
ratio has been agreed upon by contract or established by actual meas-
urement or use. The miner's inch has been used in some States as a
unit, but it is unsatisfactory, because it is not easily defined with
exactness.

The amount of water which may be appropriated for irrigation
is limited to 1 cubic foot per second for 70 acres or its equivalent.

While it is conceded that water used for irrigation must be ap-
purtenant to the land, the fact should be recognized that conditions
may arise to make it impracticable or uneconomical to continue to
irrigate a particular tract. Provision is made so that the use of water
may be severed from the land after application to the state engineer,
due publication of notice of such intention, and approval by the state
engineer. Similar provision is made for a change in the nature of
the use to which the water is applied, or in the place of diversion,
storage, or use.

The subject of seepage water is one that has given much trouble,
and provision is made for the appropriation thereof in the same man-
ner as other waters, with the requirement that the appropriator must
pay reasonable charges for storage or carriage to the owners of the
irrigation works from which it comes, provided that the seepage can
be traced to such works beyond reasonable doubt.

All decisions of the state engineer or water commissioners affecting
a substantial right are subject to appeal to the courts.

RECENT STATE LAWS.

In the session of 1907 the Montana legislature considered a draft
of a code prepared by a commission appointed by the governor which
followed substantially the code referred to, but it was not adopted.
The same is true with the legislature of Oregon.

During the year 1908 there has been a general movement toward
the preparation of a code substantially in the form considered in
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the State of Oregon, and it is probable that it will be strongly urged
upon|the legislature early next year.

In|many of the States statutes have been adopted tending toward
the system discussed, and as this procedure is gradually enforced
and modified as may be found advisable after experience, those States
in which such laws have been enacted will do much toward the
proper promotion of the irrigation industry.

It |is generally conceded that those States in which statutes of
this kind are not in force can best assist in the development of irri-
gatioh by following the principles and procedure there indicated.

Ong important feature of the law of irrigation has thus far re-
ceived no attention in legislation, namely, the regulation of inter-
state |waters. The decision of the United States Supreme Court in
the Kansas-Colorado case (206 U. S., 46) and the decisions of some
of the district courts of the United States in other cases, together
with jsome decisions by state courts, have shown a tendency to con-
sider|this question, but in no case has there beén an announcement
of a principle which tends to meet the complicated conditions.

All the cases concerning interstate waters have involved only spe-
cific yights of the litigants; nothing has yet been accomplished outlin-
ing the method of providing for an adjudication of the waters of an
interstate stream in such manner as to determine all the rights
inyolyed.

The principal difficulties arise from the fact that suit may be
brought by one party against another and a decision obtained, which
would not, however, bind anyone who is not party to the suit, and the
complications in judicial, procedure are such as to make it difficult, if
not ihpracticable, under present conditions and rulings to bring into
considleration in any one case all rights on interstate streams in two
or more States and so arrange that one adjudication shall determine
ights of each party as against all other users of water from that

ether this matter can be adjusted by the courts themselves with-
out the assistance of legislation or whether legislation is absolutely
necesgary has not yet been demonstrated.

It has been proposed by some that Congress should provide for a
tribunal empowered to investigate claims to the use of water of inter-
state $treams and to prepare reports upon all facts affecting priorities
and the use of water, the same to be submitted to the federal courts
for adjudication, following in general the procedure outlined in the
propased code in regard to the adjustment, of water rights within the
State.




UNDERGROUND WATERS.

By W. C. MENDENHALL.

INTRODUCTION.

Underground waters constitute one of the three natural subdi-
visions of precipitation. These subdivisions are evaporation, surface
run-off, and percolation. That part of the precipitation which passes
below the soil surface by seepage into the soil pores becomes thereby
a part of the body of underground waters. Eventually it is returned
to the air to begin again its circuit through the air and back to earth.
This return to the air may be accomplished very quickly or very
slowly. Capillarity and evaporation may withdraw the earth mois-
ture and return it to the atmosphere before it has reached any
considerable depth in the soil mantle, or it may pass beyond the
reach of these forces and begin a journey through the soil pores or
the rock masses that may continue for a few hundred feet or a few
hundred miles. The waters may even accumulate in a porous rock
mass and may remain there stored and practically motionless for
centuries or for geologic epochs. All of that portion of the precipi-
tation that is absorbed and remains underground for either a long
or a short period, following a long or a short course, constitutes the
ground water. There is, in addition, a certain amount of original
water, either magmatic or included with the sediments at the time of
their deposition. The aggregate quantity of this is undoubtedly very
great, but as it is in general inaccessible to man, little attention
need be given it in a discussion of water as a resource.

An estimate of the quantity of surface waters is a large but a rela-
tively simple problem. It can be solved by the patient application
through long periods of well-determined engineering methods. The
resulting estimates, since they are those of the engineer and the
mathematician, are correct within a limited percentage of error, be-
cause all the factors of the problem are capable of close determina-
tion. But although the quantity of surface waters is measurable, its
maximum possible’ use is not rigidly determinable, because that
problem contains a number of variable factors. Man’s mastery over
the mechanic arts is constantly increasing. That which is impossible
to him to-day becomes possible to-morrow. Furthermore, economic
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controls are constantly shifting. A water power that is not avail-
able this year, not because of unsolved mechanical problems, but be-
cause of cost, may be easily available next year, because a railroad has
been built, or a mine has been opened, or population has shifted.
These are things that neither the mathematician nor the economist
can predict. They introduce into the problem of determining the
possible future use of any resource a factor so variable that the re-
sult is of doubtful value. Suggestions only can be made; rigid de-
terminations are not possible.

As to ground waters, neither the determination of the total quan-
tity nor of the maximum use is capable of close solution. The first
involves general estimates of. factors not directly measurable, such
as the percentage of pore space in deeply buried and inaccessible
material, soils, and rocks. These estimates mnst be made by the de-
ductions of an inexact science, geology, instead of through the meas-
urements of an exact science, engineering. The same variables enter
into the determination of the maximum possible use of ground waters
as into the maximum possible use of surface waters, namely, differ-
ent and constantly shifting economic controls. It may be highly
profitable to pump ground waters 500 feet vertically for the irriga-
tion of citrus lands in southern California whose product is worth
$250 per acre per year, whereas it may not be possible to pump
50 feet vertically in another locality, where the products are not
worth $10 per acre per year. Notwithstanding, some such crude esti-
mate as may be made of the quantity of these resources is helpful,
since it gives us a concrete conception of the amounts with which we
are dealing.

QUANTITY.

Estimates that vary widely have been made as to the total amopunt
of this ground water. These estimates range from an amount suffi-
cient to cover the earth to a depth of 96 feet (Fuller) to an amount’
sufficient to cover it to a depth of 7,500 feet (Delesse). The lower
estimate is the later and may be regarded as of the greater value.
The determination of the total quantity’ of underground water in
existence, however, while a question of scientific interest, is of no
practical moment, since only a very small proportion of the total is
accessible to man and can therefore be made use of by him. !And
again, of the relatively small amount that is within reach, only |that
proportion that, if withdrawn, will be restored annually can be
utilized, because, obviously, withdrawals in excess of this mean re-
duction of the principal and eventual bankruptcy.

Hence, although impressive estimates of the total may be made—as,
for instance, the statement that there are 600 cubic miles of potable
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ground waters beneath the State of Florida, 800 cubic miles in the
Great Central Valley of California, 1,000 cubic miles in the Dakota
sandstone aquifer, and 10,000 cubic miles in the sediments of the
Atlantic and Gulf coastal plains—these statements are not merely
valueless, they are sadly misleading, because, if issued without
explanation, the inference would follow that such a tremendous
amount of water could be extracted from these districts and used by
man. This inference is wholly unjustified for a number of reasons.
In the first place, only a limited although variable percentage of the
water that saturates those parts of the rock or soil masses that are
within reach of pumps can be extracted in development: the remain-
der, much the larger proportion, being- capillary and subcapillary, is
not capable of extraction in any commercial way. '

Again, these estimates of total ground waters include those at great
depth, utterly beyond the reach of any pumps or known devices' for
their recovery. And, finally, of the very small proportion of the total .
that can be brought to the surface and made useful to man, only an
amount should be taken out that is equal to the annual restorations;
otherwise there will be a gradual depletion of the supply and a cor-
responding increase in the cost of the product. Hence, as a practical
people, we are not in the least concerned with the total quantity of
ground waters, but only with the possible annual accessions to the
total, for this controls nse.

USE.

The use of ground waters in a limited way for domestic and farm
supplies is well-nigh universal. Municipal use, although not so gen-
eral, is also extensive; whereas use for irrigation, confined, of course,
to the arid and semiarid States, has begun to attract attention only
since power development, either by the utilization of the energy of -
running water or by means of small power plants of the steam or
internal combustion type, has become general. With the imperfect
data at hand it is not possible to estimate the total volume of ground
waters now used throughout the United States, but it is believed that
in Florida at least 2,000 second-feet are developed and in Califor-
nia more than one-half as much. The development in these two
States, therefore, representing as they do more than the average
development in the East and the West, is about 3,000 second-feet.
Florida and California include about 7 per cent of the area of the
United States. If the development throughout our domain can be
regarded as on the average one-half as intense as in these two States,
the total ground waters used if united in one stream would equal
twice the volume of the Potomac at Point of Rocks, Md., in 1903,
with a drainage area of 9,650 square miles, or if a smaller factor
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is used and the average intensity of development be regarded as one-
third that of the two States named, we reach the conclusion that the
ground waters now in use would make a river the size of the Colorado
at Yuma, Ariz., with a drainage area of 225,000 square miles. 'Ex-
pressed in still another way, this volume is equal to somewhat less
than 1 per cent of the total stream flow in the United States. It is to
be clearly understood that this represents only artificial development,
a direct product of man’s activity, and does not include the natural
springs which represent the unassisted return of ground waters ta the
surface. To these is due a very large although undetermined propor-
tion of the low-water flow of all our streams.

PRESENT TENDENCIES.

One of the late phases of the irrigation movement involves the use
of ground waters for this purpose. This movement has been inspired
by the success of certain communities that have developed such waters
and reclaimed a large acreage by their use. The southern California
communities, one-half of whos: irrigation is accomplished in this
way, illustrate what can be done. In the San Joaquin Valley develop-
ment of this type is under way and will inevitably be greatly ex-
tended. Three hundred second-feet of ground waters are now used
there ; probably 3,000 second-feet are available, and colonies are being
continually established and individual settlers are constantly entering
the valley who are reclaiming raore and more acreage by the use of
this resource. In other western valleys, as in Utah and in Arizona,
development of the same type is under way. Among the famous
ground-water districts is that of the Great Plains, east of the Rocky
Mountains, underlain by the Dakota sandstone, that yields some of
the largest flowing wells of the United States. Another important
district includes parts of Minnesota, Towa, and Wisconsin, beneath
whose surface lie water-bearing beds older than the Dakota sand-
stone, but the beds are locally quite as important. In these latter
States irrigation is not practiced, but the ground waters are of great
importance as sources of domestic and municipal supplies. In the
Eastern and Southern States, those of the Atlantic and Gulf coastal
plains are most favorably situated in regard to their ground-water
supplies and in them developrment is more intense than elsewhere
in the East. Attention has already been called to Florida, in which
nearly 2,000 second-feet of ground waters are developed, nearly
one-half of this amount being used for irrigation and domestic pur-
poses. Mississippi, Louisiana, and Texas have abundant under-
ground supplies extensively drawn upon in certain localities, but
capable of much more extensive use. Data are not at hand for
estimating the amount withdrawn at present.
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WASTE.

Attention is usually first centered upon the use of ground waters
by the development of flowing wells in areas where they may be
secured. The advantages of a supply of this type are many. The
waters usually cost little, they are protected from contamination,
the output is regular, at least until development becomes too intense
for the supply, and the quality is constant. But in regions in-which
flowing waters are used for irrigation and may be procured at shallow
depths the resource is often shamelessly wasted. More wells are
drilled than are needed and the water is used during but a small por-
tion of the year, but is nevertheless allowed to flow with consequent
reduction of head and depletion of supply and often in addition
direct damage to the lands upon which it wastes. This waste is not
so serious in humid regions in which the loss is quickly replaced by
rainfall, but it goes on with equal recklessness in arid and semiarid
sections in which the damage is irreparable. This waste is often
in direct violation of state statutes, framed especially to prevent it.
Where ground waters do not flow out upon the surface but are de-
veloped by pumping, waste does not take place, since the cost of
production regulates automatically the amount of water withdrawn.
Irrigation practice under these conditions is always superior, as
the water user, paying for each gallon that he applies to his land, -
reduces this amount to the lowest effective quantity in order to save
cost. Hence almost invariably better results are obtained with a
lower duty in districts where irrigation water must be pumped than
in those in which it flows.

In the humid regions ground waters—almost everywhere avail-
able—are particularly useful as sources of farm, domestic, and
municipal supplies and for certain industrial purposes. They are
especially beneficial and of particularly good quality in the coastal
plain of the Atlantic and Gulf States and in the glaciated regions
where the mantle of drift or of unconsolidated sediments forms a
reservoir of great capacity, whose supply is rapidly renewed when
drawn upon because of the abundant rainfall. Qutside the coastal
plain and the drift-covered areas conditions are variable, but gener-
ally they are inferior to those in the regions named, because the soil
mantle over the rocks is often thin and irregularly distributed and
in addition is frequently clayey and of small holding capacity.
Within either of these regions there may occur synclinal basins of
porous rock like the St. Peter sandstone and associated beds in
Minnesota or the Dakota sandstone in the Great Plains, both of
which form most important reservoirs. Usually, also, the fractured
upper surface of whatever rock lies immediately below the soil carries
a supply that may be drawn upon by town and farm wells.
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The importance of these supplies in humid regions to the dwellers
there is illustrated by Mr. Frank Leverett’s careful determination of
the fact that 75 per cent of the population in Michigan are directly
dependent for water upon the underground supply, and since the
constancy of the lakes and the flow of the streams upon which the
remaining 25 per cent depend is also related to the ground waters,
the importance of these is really greater than the given percentage
indicates. A recent investigation of 19 counties in north-central
Indiana again indicates the yital relation that ground water bears to
daily life. Of 54 communities in these 19 counties having public
supplies, 45 use wells alone and 3 others use both streams and wells.
The urban population is therefore largely dependent upon the sub-
surface supplies and the rural population depends almost entirely
upon them. It is estimated that in Florida 750,000,000 gallons of
ground waters are used daily for town and country domestic supplies,
while an additional 11,500,000 gallons are used by the cities and
500,000,000 gallons for the irrigation of tobacco, citrus fruits, and
vegetableq One-half of the irrigation and the greater part of the
city supplies in southern California, amounting to more than
300,000,000 gallons daily, are drawn from the sands and gravels that
underlie the valleys, while in central California a smaller but néver-
theless important draft is made upon the same source. :

These available facts, selected from widely scattered localities, indi-
cate clearly that in addition to the almost universal dependence of the
rural population upon underground waters for culinary and domestic
purposes, an important and growing use is made of them for irriga-
tion and for town supplies. It is probable that it would be safe to
apply percentages but slightly less than that determined in the State
of Michigan to the entire United States, and to state that nearly 75
per cent of our population depends directly upon underground
waters.

RELATION TO STREAM FLOW.

The indirect dependence of mankind upon ground waters is difficult
to determine. The greater part of the low-water flow of those of our
streams that have no large lakes, swamps, or glaciers in their drain-
age basins is sustained by the slow escape from soil and rock and
vegetable mulch of water that is stored there during rains and the
melting of snow. An amount equivalent to the low-water flow is also
contributed of course during high-water periods, so that only that
part of the annual run-off of ordinary streams that is represented by
the excess of flood flow over low-water flow is discharged directly
from the surface, without joining the body of the percolating waters.
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The remainder, for a longer or shorter part of its journey from the
clouds to the sea, has been stored underground and the rate of its sea-
ward passage thereby notably checked. The greater the proportion of
precipitation within a drainage basin that joins the underflow, there-
fore, the more regular the streams of that basin. Areas of little or no
underground storage are areas of violent floods and extreme droughts,
while areas with a large proportion of underground storage are areas
of slight floods and large and well-sustained low-water flow. Hence
as a national policy all should be done that can be done to increase
underground storage.

The factors that affect it favorably or-adversely are many, and too
few of them are within the control of man. Hence those that he can
control should be used to the best possible advantage. Among these
controlling factors are the character of the precipitation, the topog-
raphy, including the steepness of slopes and of stream channels, the
geology—that is, the character of the rocks and the soils—and finally
the vegetation.

If the precipitation is violent and is concentrated within a short
period, much less opportunity is afforded for its absorption than if
the rain falls gently for a longer period. Brief violent storms are
characteristic of our deserts where destructive floods are followed by
long-continued droughts.

The effect of the topographic character of a drainage basin is ob-
vious. There will be relatively little run-off from a perfect plain if
the rocks or soil beneath it have absorptive capacity. In a region
of steep slopes and stream channels of high gradient, on the con-
trary, water does not stand, and a comparatively slight precipita-
tion will be followed promptly by a notable run-off, unless other
tavorable factors serve to prevent it.

The influence exerted by geology is also a powerful one. The type
of rock, the presence and depth or the absence of soils derived from
it, and the existence of a mantle of glacial drift often make the
difference between a region well supplied with ground waters and
drained by streams of regular flow and a region without ground
waters and with most erratic and uncontrollable streams. Loose
sandstones absorb water like sponges, to yield it slowly at some lower
point, perhaps in a distant drainage basin. Cavernous limestones
may offer tortuous underground passages through which water
escapes slowly; the loose heaps of glacial débris permit but little
surface escape, so thoroughly do they absorb the water that falls
upon them. The deep mantle of decayed rock that covers many of
our Southern States is equally effective in this respect. Polished
glacial surfaces, on the contrary, such as exist in parts of the Sierra,
shed water as effectively and promptly as a roof. Dense slates, fresh
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and unfractured granites, or close-grained metamorphic rocks absorb
little or no water and contribute practically nothing to the under-
ground supply.

Finally, the various cover growths are of the utmost importance in
modifying absorption and run-off. Trees, brush, grasses, and grow-
ing crops act in many ways to this end. Everywhere the roots, pene-
trating the soil and decaying there, leave little channels for the
circulation of the water; on mountain slopes and rocky areas they
hold loose fragments of rock by their binding root systems and pre-
vent them from being washed away so soon. The crevices about the
rock fragments which are thus held become little storage reservoirs.
The trees aid in making these crevices by the prying action of their
roots and by the disintegrating action of the vegetable acids that are
vielded by their decay. The various growths build up a porous
absorptive soil by the litter which they shed and the rock sand which
becomes enmeshed in their roots, and they protect the soil which thus
accumulates and prevent it being swept away. Finally, they interfere
directly with run-off by the obstacles which their roots, stems, and
fallen leaves and branches offer to the flow of water over the surface.
In all of these functions the immediate escape of rains as sudden
{loods is checked and their absorption, to be slowly released later, is
encouraged. It is because of the full recognition of this part that
forests play in the conservation of ground waters and the regulation
of run-off that engineers and geologists who have made a special
study of ground-water supplies and their relation to surface waters
are such earnest advocates of the conservation and extension of

forest cover.
LIMITATIONS AND METHODS.

Something has been said of the wide extent of ground waters, of
their enormous aggregate volume, of the direct dependence of man
upon them, of their critical relation to the more obvious stream flow,
and of the growing recognition of their latent value and industrial
possibilities. A word should be added as to the danger of exaggerat-
ing their utility or their practical quantity in some places and the
complex problems involved in their utilization.

They are ultimately dependent upon rainfall. Therefore, like
surface waters, they are less abundant in arid than in humid regions,
and when used there they will be less rapidly renewed. DBut because
of the greater need more attention is paid to them in the dry than
in the wet States; they are more vigorously developed there and
there is more danger that they may be overdrawn.

Many gravel-filled valleys west of the Rocky Mountains contain
both surface and underground waters, not enough of either alone to
irrigate all of the tillable lands, but when both are used together
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much more valuable than when either is used alone. Often power
can be developed upon surface streams and this power applied to the
recovery of the earth waters that saturate the lower valley lands.
This mountain water coming down to the lands from above is made
to lift the underground water to the lands from below—a most ad-
mirable combination and one excellently illustrated in the case of the
Santa Ana River in southern California.

A part of the water of this river is stored in a reservoir in the San
Bernardino Mountains and the flow of the stream thereby regulated.
After it escapes from the reservoir it is diverted through a power
plant and electric power is generated. Below the first power plant
1t is rediverted and passed through a second power plant. Below
this it is all distributed and used for municipal and irrigation pur-
poses about Redlands and Highlands. The waters that return from
the -drrigation are recovered in springs and flowing wells and by
pumping plants, a portion of the power developed higher up omsthe
stream being used for the latter purpose. This recovered water is
used for irrigation about San Bernardino and Riverside. A part of
it reappears in the river above Riverside Narrows, where it is again
taken out into a power ditch whose waters are returned to the river
above Corona. A few miles below it is picked up by canals and dis-
tributed to the orange and deciduous groves about Anaheim and
Santa Ana. The portion of ‘it that returns there, by irrigation, to
the ground water is once more recovered by the many pumping
plants and flowing wells west of Santa Ana in the lower coastal plain.

A single drop of water in its progress from the mountains to the
sea, a distance of only 100 miles, may thus be used as many as eight
times for power and irrigation. This is an almost ideal use of water.
The combination of power development and the recovery of under-
ground waters to supplement the surface flow results in a minimum
of waste and a maximum of economy. Development of this type
is being rapidly extended now over parts of the West and will receive
still further extension in the future.

But care must always be taken not to tax too severely the under-
ground basins from which the water is drawn. They are not by any
means inexhaustible. When rainfall is light, the quantity of water
returned to the reservoirs each year may be small, although the
quantity stored there is large. However large it may be, if more is
withdrawn each year than is replaced, there will be gradual lowering
of the ground-water level and ultimate disaster. Therefore, users
of ground waters in arid regions must study carefully the effects of
development in order to be sure that they are not prospering during
the present at the expense of disaster in the future. Furthermore, in
many sections where water is badly needed ground waters do not
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exist. Residents of such sections, urged on by their need, do not
always realize this, and attempts that are hopeless from the beginning
are made to procure them. Each field is a particular problem with its
own solution. General rules have only a limited application.

RELATIONS TO OTHER RESOURCES AND TO CONSERVATION.

Ground waters and surface waters are, of course, intimately related.
All usable ground waters were first surface waters, although perhaps
only momentarily, and the greater part of them eventually become
surface waters again after their journey underground is completed.
Tt is thus that they sustain stream flow during dry periods and so are
closely related to power development and to irrigation, both of which
are much more successful with a sustained and regular than with an
erratic run-off. ‘

Practically all vegetable life depends upon the existence of ground
water. It sustains our crops and our forests and is in turn protected
by them through functions already outlined. Seventy-five per cent of
our population depends directly upon it, and an important additional
percentage indirectly. It is used in irrigation, in industry, in transpor-
tation, in all the many activities of life. But, being one of the re-
sources that is constantly renewed by natural processes, we need only
exercise reasonable care in our use of it to have it to draw upon per-
petually. There are districts in the United States, fortunately few in
number and small in area, where the ground waters are being ex-
tracted faster than they are renewed. There are other areas in which
they are being contaminated and rendered useless or harmful by the
careless discharge of industrial waste or sewage or brines from deep
wells. There are still other areas in which, through the stripping of
the natural cover growths, the annual accessions to the supply arema-
terially reduced. .These conditions must be met and remedied; then
nature, through her annual rainfall, will repair the harm, as yet
slight, that has been done. -



DENUDATION.

By R. B. DoLE and H. STABLER.

INTRODUCTION.

The accompanying tables present estimates of the rate of denuda-
tion in the United States. The figures show the rate at which the
earth’s crust is being moved as solid particles carried in suspension
by streams and as matter carried in aqueous solution. The first
table is a summary of the estimated denudation for the whole United
States and for the primary drainage basins; the other tables contain
detailed estimates for smaller areas. The map indicates graphically
the rates of denudation in different parts of the country.

SOURCES OF DATA.

The computations of denudation factors are based on figures rep-
resenting the amount of mineral matter carried by streams, the size
of the areas tributary to the streams, and the quantity of water dis-
charged by the streams. The run-off data are derived principally
from measurements made by the water-resources branch of the
United States Geological Survey; some of the measurements, espe-
cially in lower Mississippi Valley and on the Great Lakes, were made
by the Engineer Corps, U. S. Army; the Weather Bureau, Depart-
ment of Agriculture, has contributed series of.gage heights in
several streams; and estimates of run-off based on the best available
information have been made for areas regarding which no measure-
ments are at hand. The estimates of the size of the drainage basins
are either copied from printed reports or measured from the best
available maps. The greater part of the chemical data are derived
from complete mineral analyses of river waters, about 5,000 in all,
performed for the water-resources branch under the direction of
R. B. Dole by W. M. Barr, F. W. Bushong, C. K. Calvert, W. D.
Collins, F. M. Eaton, J. R. Evans, P. L. McCreary, Chase Palmer,
J. L. Porter, M. G. Roberts, F. C. Robinson, Walton Van Winkle,
and A. J. Weith. Daily samples of water were collected for one
year from about 150 rivers and lakes in California and in the States
east of the one hundredth meridian. Ten consecutive samples were
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then united and the composites thus obtained were subjected to com-
plete mineral analysis. The information regarding dissolved and sus-
pended matter in the streams of the arid States, except California, has
been furnished by the United States Reclamation Service from work
done under the direction of W. H, Heileman, but unfortunately the
detailed analyses could not be procured and therefore the comparative
accuracy of the estimates is unknown. In the California and the
Reclamation Service work 50 cubic centimeters of filtered and 50
cubic centimeters of unfiltered sample were evaporated, dried at 110°
C., and weighed to determine suspended and dissolved solids. In the
other analyses the suspended matter in 500 cubic centimeters of the
sample was removed by filtration through a Gooch crucible, dried
at 180° C., and weighed for suspended solids; the filtrate was then
evaporated, dried at 180° C., and weighed for dissolved solids. Some
error is introduced by comparing solids determined at 180° with solids
determined at 110°. The size of the error varies with the amount of
organic matter and water of crystallization present and with the
character of the solids themselves, and is probably variable for
different rivers and for the same river from time to time; conse-
quently no correction for it has been made. In most cases, however,
this circumstance introduces less than 10 per cent error.

The figures for Kennebec River are computed from analyses by
G. C. Whipple and E. C. Levy. The dissolved solids for Connecti-
cut River and for Housatonic River are from reports of the Connecti-
cut state board of health; for Merrimac River, from reports of the
Massachusetts state board of health; for Blackstone River, from
reports of the Rhode Island state board of health. The data for
Hudson River at Albany, N. Y.; Potomac River at Great Falls, Md.;
and Allegheny River at Pittsburg, Pa., are from reports of water-
supply investigations at those places. The figures for Colorado
River at Yuma, Ariz., are computed from analyses by R. H. Forbes
and from others made in continuation of his work by the Reclama-
tion Service. The data for Ohio River at Louisville, Ky., and at
Cincinnati, Ohio, are quoted from reports by G. W. Fuller. The
data at West Alton and at Jefferson Barracks, Mo., are.quoted from
analyses by A. W. Palmer in connection with the case of the State of
Missouri against the State of Illinois and the sanitary district of
Chicago. The estimates of suspended and dissolved solids at New
Orleans, La., are computed from fifteen years’ sediment determina-
tions by the Engineer Corps, U. S. Army, and from five years’ de-
terminations by the New Orleans water and sewerage board. In
all the quoted analyses the estimates are given by weight and not by
volume, and in nearly all cases they show the average condition of
the water for one or more years, :
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METHODS OF COMPUTATION.

The estimates of denudation, computed from the above-mentioned
data by H. Stabler, indicate the removal in solution and suspension
of solids from the primary and secondary drainage basins of the
United States as classified by the Geological Survey. The de-
terminations on which the computations are based are given in
detail. The eleven primary basins are designated by Roman numer-
als. . Under the secondary basins, which are designated by Arabic
figures, important tributaries and the sampling stations are indicated.

The second, third, fourth, and fifth columns of the tables give,
respectively, the areas of the basins, the dissolved solids, the sus-
pended solids, and the annual run-off per square mile. In columns
6 and 7 the annual denudation in tons per square mile for the areas
above the points at which samples were collected is computed by
multiplying together solids in parts per 1,000,000, run-off in second-
feet per square mile, and 0.985; in all other regions the denudation
is estimated from the data for known areas. Columns 8 and 9 show
the total denudation in thousands of tons per year, computed for
the secondary areas by multiplying denudation in tons per square
mile per year by the drainage area in thousands of square miles.

The depth in millionths of an inch per year covered by the mate-
rial removed is found by dividing the tons per square mile per .
year by 0.1917 and the last three columns bear reciprocal relations
to columns 10, 11, and their sum. Any attempt to estimate ero-
sion in volumetric terms from determinations of dry suspended mat-
ter and dissolved. solids involves the use of factors which are by no
means absolute. The actual specific gravity of the mineral substance
carried in streams in the United States is not greatly different from
2.6. This figure is practically identical with that commonly assumed
for the specific gravity of the earth’s crust and corresponds to
a weight of 165 pounds per cubic foot. Each 165 pounds of sub-
stance found in water, therefore, represents the erosion of approxi-
mately 1 cubic foot of the crust of the earth, and estimates of
ultimate rock losses based upon these figures are probably not in
error more than 8 or 10 per cent. Common earth or loam, however,
contains a large amount of air space, or voids, and dry earth is esti-
mated as weighing 80 to 110 pounds per cubic foot. If an estimate
of erosion be made upon this basis the error for a large area will prob-
ably not be great, but may amount to 20 per cent or more when calcu-
lations are made for small areas. Finally a third factor for calcula-
tion is based upon an attempt to determine the volume of river sedi-
ment or mud banks that a given weight of suspended matter may
form. Investigators working upon different streams in the United
States have obtained results indicating that a cubic foot of sediment
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may be produced by 50 to 125 pounds of dry material. The compact-
ness of the mud is so variable that an estimate of this nature based
upon an average of 90 pounds per cubic foot is likely to be in error
by about 45 per cent. In view of the widely divergent values
given for river sediment and for surface loam, the estimates for
denudation expressed in millionths of an inch in depth from the
entire drainage area and in years required for the erosion of 1
inch from the drainage area are based upon the assumption that
165 pounds of suspended or dissolved solids represent the removal
of 1 cubic foot of the earth’s crust. The factor 0.1917 has been
computed on that basis. For the convenience of those who prefer
a different basis of calculation, the following table of ratios is
presented. The figures given in this report for denudation in.inches
can be recomputed by dividing them by the ratio corresponding to
the weight given in column 1.

Ratios for recomputing denudation in inches.

Weight a({f Cor&g—
materi sponding :
percubic | specific | Ao
foot. gravity.
Pounds.
165 2.64 1.00
150 2.40 .91
140 2.24 .85
130 2.08 .79
120 1.92 .73
110 1.76 .67
100 1.60 .61
90 1.44 .55
80 1.28 .49
70 112 .42
60 .96 . 36
50 .80 .30

The estimates for the primary basins and for the whole United
States are based upon the estimates for the secondary areas.

PROBABLE ACCURACY. .

The majority of the figures for run-off per square mile per year are
based upon discharge measurements extending over periods of seven
years or more and are, with a few exceptions, within 10 per cent of
the true average values. The drainage areas in square miles are so
nearly correct that their errors are negligible in these calculations.
The estimates of dissolved solids represent the average condition of
the water for a period of one year or more. By comparison of annual
averages for several streams in different years it has been estimated
that the average for one year is generally not over 10 per cent from
the correct average value, and it is undoubtedly true that the average
total solids does not vary from year to year nearly so much as the

86407—IRR 234—09——6
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average run-off. On the other hand, suspended solids are subject to
greater variation than run-off. Floods are always attended by ex-
treme rises in suspended solids, and the amount of suspended matter
is subject to enormous variation from place to place on account of
changes in stream velocity, the character of the river bed, and other
features. In consequence of these facts, it is possible that denuda-
tion estimates, based on average suspended matter for one year, may
be in error as much as 50 per cent. When all these facts are consid-
ered in conjunction with the distance of the sampling stations from
the mouths of the rivers, it may be estimated that the calculated
figures for denudation are generally within 20 per cent of the true
values. Only two significant figures, therefore, have been retained
in the last five columns. In many streams of the arid and semiarid
regions the yearly fluctuations in run-off are very great and the
mineralization of the waters is very high, so that estimates of
denudation in that part of the country are not so reliable as similar
estimates for eastern rivers. As the analytical data for the northern
Pacific, Hudson Bay, and western Gulf of Mexico basins are ex-
tremely meager, the estimated denudations for those areas may be
more than 20 per cent in error, and further investigations in those
regions must be made before reliable values can be calculated.

DISCUSSION OF SUMMARY.

The summary presents in tabular form denudation estimates for
the primary drainage basins and for the whole United States. The
figures for dissolved solids practically represent material carried
into the ocean; the figures for suspended solids, on the other hand,
represent more properly material carried to tide water, because the
decrease in stream velocity at that point occasions a gradual deposi-
tion of the matter transported in solid form. The tons per square
mile per year removed from different basins show interesting com-
parisons. In respect to dissolved matter, the southern Pacific basin
heads the list with 177 tons, the northern Atlantic basin being next
with 130 tons., The rate for Hudson Bay basin, 28 tons, is lowest;
that for the Colorado and western Gulf of Mexico basins is somewhat
higher. The denudation estimates for the southern Atlantic basin
correspond very closely to those for the entire United States. The
amounts are generally lowest for streams in the arid and semiarid
regions, because large areas there contribute little or nothing to the
run-off. The southern Pacific basin is an important exception to
this general rule, presumably because of the extensive practice of
irrigation in that area. The amounts are highest in regions of high
rainfall, though usually the waters in those sections are not so highly
mineralized as the waters of streams in arid regions.
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Colorado River brings down the most suspended matter, delivering
387 tons per year for each square mile of its drainage basin. Though
many small streams bring silt into the Great Lakes, sedimentation
clears the water, and practically no suspended matter is transported
by St. Lawrence River. In general much less suspended ‘matter is
carried by northern than by southern rivers, a phenomenon influ-
enced probably more by the texture of the soil and the subsoil and
the geologic character of the rocks than by stream velocity.

The detailed estimates throw considerable light upon the progress
of erosion in different sections of the river valleys. The Mississippi,
for instance, apparently discharges more material than is brought in
by its tributaries, thus indicating that its lower valley is still being
eroded. The lower Colorado, however, appears to be receiving de-
posits from both dissolved and suspended matter taken from its
upland drainage area. The Rio Grande is similar to the Colorado
in this respect. _

The estimates reveal that the surface of the United States is being
removed at the rate of thirteen ten-thousandths of an inch per year,
or 1 inch in 760 years. Though this amount seems trivial when
spread over the surface of the country, it becomes stupendous when
considered as a total, for over 270,000,000 tons of dissolved matter
and 518,000,000 tons of suspended matter are transported to tide
water every year by the streams of the United States. This total of
783,000,000 tons represents more than 850,000,000 cubic yards of rock
substance, or 610,000,000 cubic yards of surface soil. Tf this erosive
action had been concentrated upon the Isthmus of Panama at
the time of American occupation, it would have excavated the prism
for an 85-foot level canal in about seventy-three days.
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CONTROL OF CATCHMENT AREAS.

‘By HoraTio N. PARKER.

fatchment areas, annual consumption, and total money investment of the water
works of 42 cities which derive their water supplies from impounded surface
waters and which have populations of over 30,000.

{ Total investment.

City ?ﬁ:ﬂ;’ Reservoir Annual
) area, capacity. consumption. ot ofcon- |  Bonded Main-
I'struction. | indebted- | woronce.
ness.
8q. miles. Gallons. Gallons.
Altoons, Pa.. . 9.00 a 495, 000, 000 547,500,000 |  $910,148 | $479,000 | $45 090
Baltimore, M. 347.00 2,310, 000,000 | 22, 995,000,000 | 12,000, 3 400, 000
%o%gn, I\L:tas% ”i%% 82,966,%,% 10,250, 000,000 | 40, 459, 778 40,500,000 | 318,052
ridgepo: onn......| 40.80| 10,000,000 |  7,300,000,000 |.. ... ... .| .c..cee.iifoceeiooaan
Brockton, Mass. . ...... 7.70 | 5,700,000,000 "714,340, 000 | 1,713,800 | 1,485,000 | 38,000
Butte, Mont_...._J01] ... 290,000,000 | 2,190,000,000 |... ... _.|.... SN I
Cambridge, Mass. ... ... 6.80°|  2,270,000,000 |  3,386,180,000 | 6,467,153 | 3,787,600 | 75,702
Charleston, 8. C...... . 49.00 |  3,127,820,000 1,204,500,000 | 2,456,682 | 1,250,000 | 52,245
Denver, Colo... ...| 3,910.00 | 110,000, 000, 000 15,881,000,000 |....... ... feceeeieoii]einionnts
Elmira, N. Y. ... 117, 500, 000 1, 546, 900, 000 95,000 ) ... 115,000
Fitcnbure, Mase.. | 270 [Ty G0 o0 | Lom oo oo | vaoon | a0 | 3300
Hartford, Conn.... 13.00 | 2,035,000,000 |  2,190,000,000 | 3,567,191 | 675,000 | 150,000
Haverhili, Mass. . 20. 10 128,000,000 |  1,839,000,000 | 1,463 610,833 | 25,137
Holyoke, Mass. . 18.05 1,600,000,000 |  2,127,840,000 | 1,205,308 | 350,000 | 61,712
Jersey. City, N s ;29,200,% 12,045, 000, 000 | 5,200, 000 600,000 | 445,000
. Johnstown, Pa. .. .50 | 283,000,000 .................. ;500,000 (...l
Los Angeles, Cai. 502. 50 898,000,000 | 11,680, 000,000 | c 3,983,693 13,480,250 | 201,107
_Lynn, Mass_... . e 1,873,450,000 | 2,900,891 | 1,778,500 | 117,389
Newark, N.J. ... e 9,000,000,000 | 93,482, 500,000 | 8,959,790 | 7,993,500 | 250,000
New Bedford, Mass. €12.80| £5,550,000,000 |  2,524,661,000 | 3,332,800 | 1,638,000 | 109,443
ﬁf;‘;," Sf(lgﬁfnﬁ(}%ml( s 56.40 |  2,837,000,000 | 395,000,000 |.. ..o ro o |\ ireeneseaeannnnn
oughs of M'anfmttan
and Bronx).......... 9382.00 | b 108, 638, 000,000 | & 119, 720, 000, 000
gﬁiﬁ%ﬂ‘f& Ve - .. 2, 482, 000, 000
Pawtucket, K.’ 772,633, 000,000
Portland, Me.. 2,190, 000, 000
Portland, Oreg 6, 935, 000, 000
Reading, Pa. 3, 768, 260, 000
Rochester, N. 5,621, 000, 000
gt.l Pau]lﬁMinn. . , 000, 000 | 3, 732, 000, 000
alem, Mass........__._|. 20, 000, 000 1, 090, 426, 000
Salt L’%ke City, Utzéh.l.. 9012.000 5,110,000, 000
San Tancisco. al.
S (prit(:;‘ LoPﬁre)f ....... 000, %,000 3 13, 3-21§, %%
cranton, Pa..... . 000, , 000 | , 1
gpringﬁel% Mass 000,000 | 4, %i 000, 000
yracuse, N. Y.. 000, 000 | 4, 380, 000, 600
Taunton, Mass. .. 000, 000 818, 774, 000
Vi G Gas| amisivo
W orcester, Mass. 000,000 ' 3,954, 617,000

a Exclusive of a reservoir of 300,000,000 gallons capacity.
b Metropolitan Water Works.

¢ Amount spent since the works were taken over by the city in February, 1902.

d Original, 4,017,500.

e Exclusive of a storage reservoir in Acushnet. which has a catchment drea of 5.25 square miles.

f An additional storage reservoir of 1,600,000,000 gallons capacity is under construction.

¢ On Croton, Bronx, and Byram rivers. )

& On Croton River, includifig the new Croton reservoir to he finished in 1911, and on Bronx and Byram

rivers.

i 1832 to 1898, inclusive.

i Exclusive of Hemlock Lake.

k Little River sufply, now 40 per cent completed, is to replace present supply; will have a catchment
area of 48 square miles and storage capacity of 2,600,000,000 gallons.
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showing rainfall, preparationof ....... 9

Mendenhall,W. C., on underground waters. 68-77

Michigan, ground-water developmentin.. 73

Minnesota, flood storagein ................ 26

Mississippi River States, denudation in.. 84,87-91
water-power development in .... 82-33,39-42

water powersin.................. 51, 54-55, 58
Monongahela River; floodson .......... 15, 21-22
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